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THE BINARY SYSTEM NaPO,-Na,P20.. 
GEORGE W. MOREY aw» EARL INGERSON. 


ABSTRACT. In the binary system NaPO,-Na,P,O, there ls a eutectic, at 
552° and 0.81 weight fraction 'Na,P,0,, at which the crystalline phases are 
NaPO, and Na,P,0,,, the only binary compound between the two end 
members. Na,P,O, melts incongruently at 622°, forming crystals of 
Na,P,O, and liquid containing 0.495 welght fraction Na,P.O, Optical prop-. 
erties of these three compounds are given. l 


HE system Na,O—P,O, resembles the systems Na,O—Si0," 

and Na,0—B,0;* in that at the-high-alkali end the ortho- 
compounds crystallize readily; in the intermediate portions 
glasses are formed which can be crystallized without difficulty 
to a series of sodium phosphates; and in mixtures low in sodium 
oxide the tendency toward glass formation greatly increases. 
Previous studies have made clear the phase equilibrium relation- 
ships in the systems with SiO, and with B40,, and it was our. 
plan to carry on a similar study in this system: However, other 
duties have made it necessary to abandon this project, and 
this, paper is a report on the intermediate portion of the system, 
from the pyrophosphate, Na,P.O, or 2Na,0.P,0,, to the meta- 
phosphate, NaPO, or Na,O.P,0;. In another paper” we have 
summarized the optical propérties of sodium phosphates and 
sodium phosphate hydrates. 

Compounds outside of the range from metaphosphate to 
pyrophosphate have been described. Excellent crystals of 
- sodium orthophosphate, Na¿PO,, were obtained by Schroeder, 
Berk, and Gabriel? in studies of solubility in water under pres- 
sure. We have prepared it in an impure state by heating 
Na,P20, and Na,CO; at 14007. Rapid loss of P 205 prevented 

1 Morey, G. W., and Bowen, N. La 1824, Jour. id Chem., 28, 1167-1179; 
Kracek, F. C.: 1930, ibid., 84, 1588-1598. 

2 Morey, G. W. and Merwin, H. E.: 1986, — Amer. Chem. Soc. 58, 
2248-2254. 

* Ingerson, Earl, and Morey, G. W.: 1948, Amer. Mineral, 448-458. 


* Schroeder, W. C., Berk, A. A., and Gabriel, A.: 1987, Jour. Amer. Chem. 
. Soc, 59, 1788. ; 
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our determination of ibs apparently high melting point. When 
Na,PO,:H,O was heated 16 hours at 600° it appeared to be * 
isotropic; heated 30 minutes at 1400^ it remained essentially - 


isotropic with index about 1.487. More study is needed in this no 


region of the diagram. 

Another part of the system yet to be studied is that from 
 NaPO, to P,0,. Diphosphates of other bases exist, and a 
sodium diphosphate, Na.O.2P.0,, is to be expected. The com- 
pound variously formulated as NaH,(PO,)., or NaH,PO,.- 
H,PO,, or Na,0.2P,0,.5H,0, commonly found in commercial 
glacial phosphoric acid, may be a diphosphate. 

The experimental results were all obtained by the quenching 
-method, which has often been described in papers from this 
Laboratory. A small amount of the powdered material, about 
10 mg. wrapped in platinum foil 0.01 mm. thick, is held at 
constant temperature long enough for cquilibrium to be 
reached; cooled at such'a rate as to freeze that equilibrium; 
and examined with the petrographic microscope. If all glass, 
the temperature of treatment was above the liquidus; the pres- 
ence of crystals indicates that the temperature was below the 
liquidus; and by successive approximations the liquidus tem- 
perature can be located as closely as desired. Moreover, the. 
primary phase, that is, the crystalline phase which separates at 
the liquidus, can be positively identified by its optical proper- . 
ties, thus leaving no doubt as to the interpretation of the 
results. This method was particularly suitable for investi- 
gating the region from: NaPO, up to 55 per cent Na,P.O,. 
With higher content of Na,P. NS crystallization. takes place so 
readily that the thermal method’ is. more suitable. At the 
liquidus for the: composition of Nag4P,O,, it was necessary to 
weight the charge and drop into mercury, and it was not pos- 
sible to prepare glass of the composition of Na,P,O,. We have 
accepted the melting point of 985° determined by Partridge, 
Hicks, and Smith" for Na,P,0,. 

The thermocouplés used were calibrated at the melting points 
of aluminum (B. S. Standard Sample No. 44c, melting point 
660.1), potassium chloride, '770.3%, and sodium chloride, 
800.4^, and the calibrated points were used in connection with 
a deviation curve for interpolation in the standard tables of 

" Partridge, E. P., Hicks, Victor, and Smith, G. W.: 1941, Jour. Amer. 


Chem. Soc. 68, 454-466. 
* Roberts, H. S.:.1924, Phys. Rev., 28, 886-895, 
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-TABLE I. 


Phase Equilibrium Data for the System NaPO,-Na,P,O.. 
ù Incongruent 
Weight Melting Eutectic 
Fraction Liquidus . ' Primary Temperature Temperature 
Na P.O, a «s Phase 0C. “eC. 
0 . 621.6 . NaPO, T m 
0.15 601 NaPO, es 552 
0.88 . 557. Na,P,0, — 552 
0.40 586.5 Na,P;0, — 852 
0.45 603 Na, P,0,, "n 
0.475 615.5 Na,P,0,, 
0.50 681 NaPO, > 622 95 
0.5659 704 ^. Na&,P,0, l 622 552 
0.57 oO m Na, P,O; 622 iue 
0.60 748 Na,P,0, 
0.66 801 Na P,O; ra 
0.72 880 ' Na,P.O; 622 
(1.00) (985) 
Adams." The quenching results are given in Table I, and the 


phase equilibrium diagram in Fig. 1. 

The binary system NaPO,—Na,P,0, has been studied by 
Parravano and Calcagni,® Huber, Andress and Wüst,” and 
Partridge, Hicks, and Smith." Parravano and Calcagni found 
no intermediate compound, but the more ‘recent investigators 
agree on the formation of sodium tripolyphosphate, Na4P40,;,, 
or 6Na,.O.8P.0;. Partridge, Hicks, and Smith established the 
fact that NaPO; has an incongruent melting point, decom- 
posing to Na,P,O, and liquid. Our results agree closely with 
theirs, except in the region from the eutectic to the incongruent 
melting, and in addition we have determined the difference 
between the forms of Na;P40,, and two forms of N&PO,.' The 
NaPO, III of Partridge, Hicks, and Smith was not obtained by 
us. 

Sodium metaphosphate, NaPO,, affords.a convenient second- 
ary standard substance for calibration of thermocouples. It can 
easily be obtained pure by dehydration of NaH,PO,.H,O. The 
glass resulting from fusion is stable, crystallizes promptly on 
heating to just below the melting point, and the melt undercools 

T Adams, L. H.: 1926, International Critical Tables, vol. 1, 57-59, 
McGraw-Hill, New York. ` 

* Parravano, N., and Calcagni, G.: 1910, Z. anorg. Chem., 65, 1-9. 

* Huber, Hans: 1987, Z. angew. Chem., 50, 828-826. 

10 Andress, K. R., and Wüst, K.: 1988, Z. anorg. Chem., 287, 118-131; 


1989, ibid., 241, 196-204. 
11 Partridge, E. P., Hicks, Victor, and Smith, G. W.: op. cit. 
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Fig. 1. Phase equilibrium diagram for the system NaPO;-Na,P.O.. 
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so readily that it can be quenched merely by lifting from the 
furnace. The melting temperature, 627.6,° fills in a gap in 
the series of secondary standards. 

The discussion of the forms of NaPO, is Bids more difficult 
by the persistence of the now absurd system of nomenclature 
devised almost one hundred years ago by Fleitmann and Henne- 
berg,” which not only has no justification in modern theory 
but also 1s 1n conflict with modern knowledge of the structure 
of glasses. The glassy form, called “sodium hexametaphos- . 
phate,” and formulated as (NaPO,),, is but one of a continu- 
ous series of glasses in which the assumption of definite com- 
pounds is in conflict with modern theories of the structure of 


12 Fleitmann, Th., and Hennebert: W.: 1848, Ueber phosphorsäure Salze: 
Liebigs Annalen der Chemie, 65, 804-884. 
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glass, and the identification of six as the degree of polymeriza- 
tion is without justification. 

Sodium metaphosphate exists in at least two crystalline 
forms. NaPO, I is obtained by crystallizing just below the 
melting point. It is biaxial, negative, 2V 80°, «1.474, 81.478, 
y1.480. NaPO, II may be obtained by crystallizing the glass 
at about 450°. It is probably orthorhombic, and is biaxial, 
positive, 2V 78°, 21.498, 81.510, y1.529. The relation between 
the two forms is not clear. The glass has index 1.4847. 

At the binary eutectic, 552° and 0.81 weight fraction 
Na,P.0,, the crystalline phases are NaPO, and Na,Py0,o, 
the only compound between the two end-members. It 
exists in two forms. The high-temperature form, I, is biaxial, 
positive, 2V 21°, 41.477, 81.478, 71.504. It was obtained when 
the melt was quickly cooled to room temperature from about 
600°. When the crystallized melt was cooled in the furnace 
it inverted to the Il-form, with spontaneous powdering. 
Na;P;0,, H is biaxial, positive, 2V 57°, 21.470, 81.477, y1.502. 
Glass of this composition has index 1.4814. 

NaPO melts incongruently at 622° to form crystalline 
Na,P,0, and a melt of composition 0.505NaPO,, 0.495Na,- 
P.O,. This melting is very sharp. The pure compound shows 
no sintering at 620°, much glass and Na,P.O; at 628°. In 
contrast, a melt containing 0.5659Na,P,0, was so sintered at 
556° that grinding with mortar and pestle was necessary to 
obtain a powder, but it was difficult to find the glass under the 
microscope. ‘This was because each individual crystal of 
^ NagP40,, was surrounded by a film of glass so that the true 
index could not be observed until these individuals were crushed ; 
and the difference in index between glass and the low index of 
the crystals is so small that the presence of glass could be 
detected only after careful search. After it was found and its 
habit had been observed it could be found i in every grain, and 
the properties of the crystals confirmed their identification as 
Na4P30,,. | 

Glass of this composition can be obtained only by rapid and 
careful quenching. Nevertheless, the liquidus temperature can 
be determined with greater certainty by the quenching method 
than by the heating curve method because of the steepness of 
the melting point curve at this point. 
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"E s SUMMARY. pt : . 


redetermination of the phase equilibrium relationships in 


| the binary system NaPO,—Na,P,0, in general confirms the 
work of Partridge, Hicks, and Smith. The region between the 


binary eutectic and NasP¿0,, has been more precisely. located, 


and the properties of the crystalline compounds were precisely 
determined. “+ 
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A FORAMINIFERAL FAUNA OF THE WIL- 
COX EOCENE, BASHI FORMATION, FROM 
NEAR YELLOW BLUFF, ALABAMA.* 


JOSEPH A. CUSHMAN. 


ABSTRACT. Comparatively little is known of the foraminifera of the 
American Wilcox Eocene. The material from Yellow Bluff, Ala., adds 
somewhat to the known fauna of the Bashi formation and indicates that 
certain species may be used as index fossils for this part of the Wilcox 
Eocene. One new species and a new variety are described. 


EVERAL papers in the last few years have given consider- 
able information on the foramimferal faunas of various 
formations of the Eocene Wilcox group. This part of the 
Eocene has been rather neglected in comparison with the Clai- 
borne and Jackson d and with He: Paleocene Midwax 
group. 

The fauna of the type locality of the Bashi formation, 
Woods Bluff, Tombigbee River, Alabama, was published by 
Cushman and Garrett, 1989 (Contr. Cushman Lab, Foram. 
Res., Vol. 15, pp. 77-89, Pls. 18-15). A Wilcox fauna repre- 
senting the Tuscahoma sand from 1.mile N. of Ozark, Alabama, 
was published by Cushman and Ponton, 1982 (1. c., Vol. 8, pp. 
51-72, Pls. 7-9). A fauna from the Salt Mountain limestone 
of Alabamā was published by Toulmin, 1941 (Journ. Pal., Vol. 
15, pp. 567-611, Pls. 78-82, Text Figs. 1-4). 

The material used here is from the Bashi formation, collected 
-by Dr. C. G. Lalicker, secs. 18 and 24, T. 11 N., R.:5 E., 416 
miles SE. of Yellow Bluff; west bank of Alabama River, Wilcox 
‘Co., Alabama. This fauna adds somewhat to the previous Bashi 
records and confirms those species already recorded. The 
fauna indicates that it is not from a very shallow habitat but 
of medium depth. 

The figures are all of the same magnification for convenience . 
in comparison. A number of the species, from the records, 
seem to be index fossils for this part of the Wilcox Eocene 
and should be useful in correlation. 


* Published by permission of the Acting Director, United States Geologi- 
cal Survey. 
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| Family TEXTULARIIDAE. 
^. Genus SPIROPLECTAMMINA Cushman, 1927. 


Spiroplectammina wilcoxensis Cushman and Ponton (Pl. 1, Figs. 1, 2). 


Spiroplectammina wilcovensis Cushman and Ponton, Contr. Cushman Lab. 
Foram. Hes. Vol: 8, 1982, p. 51, Pl. 7, Fig. 1.—Cushman and Garrett, 
‘loc, Vol. 15, 1989, p. 78, Pl. 18, Figs. 1, 2.—Toulmin, Journ. Pal, Vol. : 
15, 1941, p. 671, Pl. 78, Fig. 1. 

The types of this species are from the Wilcox Eocene, one 
nítle N. of Ozark, Alabama. It is also recorded from the Bashi 
formation of Woods Bluff, Alabama. Toulmin records it from 

_ the Salt Mountain limestone, Bashi and Hatchetigbee forma- 

tions of Alabama, and the Vincentown sand of New Jersey. He- 

‘also notes its occurrence in the Nanafaha and Tuscahoma 
formations of Alabama. ‘Typical specimens occur in the Bashi 
material, | | 


Family LAGENIDAE. 


Genus ROBULUS Montfort, 1808. 
i l Robulus sp. (Pl. 1, Fig. 8). 
Rare specimens, probably young, occurred, but cannot be 


specifically determined. They may be the young stages of 
R. wilcorensis Cushman and Ponton. 


Genus MARGINULINA d'Orbigny, 1826. 
Marginulina sp. (Pl. 1, Fig. 4). 


Several specimens, all young megalospheric forms, occurred 
but are not specifically identifiable without more material. 


Genus DENTALINA d'Orbigny, 1826. 
Dentalina wilcoxensis Cushman, n. sp. (Pl. 1, Figs. 5, 6). 
Dentalira sp. Cushman and Todd, Contr. Cushman Lab. Foram. Res., Vol: 
18, 1942, p. 80, Pl. 5, Fig. 20. 

Test small, elongate, of nearly uniform diameter o 
¡circular or slightly compressed in transverse section, rounded 
at the initial end; chambers few, slightly if at all inflated, 
increasing only slightly in height as added ; sutures distinct but 
- not depressed, strongly oblique; wall smooth; aperture ter- 
minal, rounded, with the border finely toothed. Length 0.50 
mm., diameter 0.10-0,12 mm. 
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Holotype (Cushman Coll. No. 89280) from the Wilcox 
Eocene, Bashi formation, 415 miles SE. of Yellow Bluff on 
west bank of Alabama River at old ferry landing, Wilcox 


County, Alabama. 


This species differs bon Dentalina mucronata Neugeboren 
in the higher and fewer chambers and less tapering test. It 
occurs also in the Paleocene Naheola formation at its type 
locality, Naheola Landing, on 'Tombigbee River, Choctaw 
County, Alabama, as figured in the above reference. 


Family POLYMORPHINIDAE. 


Genus GUTTULINA d’Orbigny, 1839. 
Guttulina problema d'Orbigny, var. arcuata Cushman, n. var. 
(PL. 1, Fig. 7). 


Variety differing from the typical in the smaller size, more 
pointed base, and more lobate form. 
Holotype of variety (Cushman Coll. No. 39233). — the 


Wilcox Eocene, Bashi formation, 444 miles SE. of Yellow. > 


Bluff, on west bank of Alabama River at "ns ferry landing, Wil- 
cox County, Alabama. 
A comparison of this form with topotypes of the typical form 
from the Miocene of Austria shows that the two are distinct. 
Guttulina wilcoxensis Cushman and Ponton (Pl. 1, Fig. 8). . 
A few specimens from this Bashi locality are probably the 
young of this species but no adults were found. 


Genus GLOBULINA d'Orbigny, 1889. 
Globulina gibba d'Orbigny (Pl. 1, Figs. 9, 10). 


Specimens of this species are fairly common in the Bashi 
material. 'loulmin notes 1ts occurrence in the Nanafaha, 'T'us- 
cahoma, and Hatchetigbee formations of the Wilcox group. 


Genus POLYMORPHINA d'Orbigny, 1826. 
Polymorphina sp. (Pl. 1, Fig. 11). 


A single specimen with definitely biserial chambers in the 


adult is figured. No others were found in the material. It is 
probably a young stage. It somewhat resembles the figures 
given by Toulmin (1941, Journ. Pal., Vol, 15, Pl. 80, Fig. 11) 
from the Salt Mountain limestone arid referred to Glandulina ' 
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abbreviata Neugeboren, and by Cushman and Garrett (1939, 
Contr: Cushman Lab. Foram. Res., Vol. 15, Pl. 14, Fig. 10) 
. from the Bashi at Woods Bluff, Alabama, but is more strongly 
compressed. It does not have the same shaped chambers or 
sutures as Pseudopolymorphina decora (Reuss) (Toulmin, Pl. 
80, Fig. 14). 


Family NONIONIDAE. 


Genus NONIONELLA Cushman, 1926. 


Nonionella wilcoxensis Cushman and Ponton (Pl. 1, Fig. 12). 
Nonionella wilcowensis Cushman and Pontoa, Contr. Cushman Lab. Foram. 
Res., Vol. 8, 1982, p. 65, Pl. 8, Fig. 12—Cushman and Garrett, l. c., 
Vol. 15, 1989, p. 82, Pl. 14, Fig. 15.—Cushmasn, U. S. Geol.~Survey Prof. 
Paper 191, 1989, p. 29, Pl. 7, Fig. 18. 

"This species was described from the Wilcox Eocene, Tusca- 
homa sand, one mile N. of Ozark, Alabama. It has also been 
recorded from the Bashi formation, Woods Bluff, Alabama. 
A single specimen occurred in the material from near Yellow 


Bluff. 


. Family HETEROHELICIDAE. 


Genus GUMBELINA Egger, 1899. 


Gümbelina wilcoxensis Cushman and Fonton (Pl. 1, Figs. 18, 14). 


Gimbelina wilcowensis Cushman and Ponton, Contr. Cushman Lab. Foram. 
Res. Vol. 8, 1982, p. 66, Pl. 8, Figs. 16, 17.— Toulmin, Journ. . Pal, 
Vol. 15, 1941, p. 597, Pl. 80, Fig. 24. l 


4 


This species was originally described from material of Wil- 
cox age from near Ozark, Alabama. It.is recorded by Toulmin 


from the Salt Mountain limestone and Tuscahoma sand of: 


Alabama. The specimens from the Bashi are typical. 


Genus EOUVIGERINA Cushman, 1926. 
Rouvigerina excavata Cushman (Pl. 1, Fig. 18). 
Eowoigerina excavata Cushman, Contr. Cushman Lab. Foram. Res., Vol. 16, 


1940, p. 66, Pl. 11, Fig. 18.—Cushman and Tedd, 1. c, Vol. 18, 1942, p. 


85, Pl. 6, Figs. 20, 21. 


A single specimen occurred in this Bashi material but is 
typical. The types are from the Midway Paleocene of Ala- 
bama, some material from the Naheola formation. 
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' Genus PSEUDOUVIGERINA Cushman, 1927._ 
Pseudouvigetina naheolensis Cushman and Todd (Pl. 1, Figs. 15, 16). 
Pseudowvigerina | naheolensis Cushman and Todd, Contr. Cushman Lab. 

Foram. -Res., Vol. 18, 1942, p. 86, Pl. 6, Figs. 18, 19. 

Typical specimens of this species, originally described fon 
the Naheola formation, are fairly numerous in the Bashi for- 
mation. Some unusually long ones &re figured here. 


Family BULIMINIDAE. 
|. Genus ROBERTINA d'Orbigny, 1846. 
Robertina wílcoxensis Cushman and Ponton (Pl. 1, Fig. 17). 


Robertina wilcozensis Cushman and Ponton, Contr. Cushman Lab. Foram. 
Res. Vol. 8, 1932, p. 66, Pl. 8, Fig..19.—Cushman and Parker l. c. 
Vol. 12, 1986, p. 96, Pl. 16, Fig. 18.—Cushman and Garrett, 1. c., Vol. 
15, 1989, p. 82, Pl. 14, Fig. 16.—Cushman and Todd, l. c Vol. 18, 1942, 
p. 86, PL 6, Figs. 22, 23. 

This species was described from the Wilcox near Ozark, Ala- 
bama. It has since been recorded from the Bashi at Woods. 

Bluff and from the Paleocene Naheola. ‘This is the earliest. 


known species of the genus. It 18 rare in the Bashi material. 


Genus VIRGULINA d'Orbigny, 1826. 
Virgulina wilcoxensis Cushman and Ponton (Pl. 1, Figs. 19, 20). 


Virgulina wilcorensis Cushman and Ponton, Contr. Cushman Lab. Foram. 
Res., Vol. 8, 1982, p. 67, Pl. 8, Fig. 22.—Cushman, Special Publ.. No. 9, 
Cushman Lab. Foram. Res., 1987, p. 6, Pl. 1, Fig. 17.—Cushman and 
Garrett, Contr. Cushman Lab. Foram. Res., Vol. 15, 1939, p. 82, Pl. 
14, Figs. 19-21.—Cushman, l. c, Vol. 16, 1940, p. 67, Pl. 11, Fig. 19. 


The types of this species are from the Wilcox Eocene near 
Ozark, Alabama. It has also, been recorded from the Wilcox, 
Bashi formation, of Woods Bluff, Alabama, and from the Palco- 
cene Midway of Alabama. It is fairly common in the Bashi 


` material. 


Virgulina cf. dibollensis Cushman and Applin (Pl. 1, Fig. 21). 
Rare specimens resembling this Jackson species occur in the 
Bashi material. They are very distinct from V. wilcozrensis. 


Genus BOLIVINA d'Orbigny, 1839. 
Bolivina cf. midwayensis Cushman (Pl. 1, Figs. 22, 28). 


A few specimens from the Bashi material strongly resemble 
this species. -They are much smaller and may be only imma- 


ture specimens or may possibly be the young of Loxostomum 
reilcowense: 


- 
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Genus LOXOSTOMUM Ehrenberg, 1854. 
Loxostomum wilcoxense Cushman and Ponton (Pl. 1, Fig. 24). 


Lorostomum voilcovensis Cushman and Ponton, Contr. Cushman Lab. Foram. 


Res., Vol. 8, 1932, p. 67, Pl. 9, Fig. 8.—Cushman, Special Publ. No. 9, 
Cushman Lab. Foram. Res., 1987, p. 174, PL 20, Fig. 22. 


The types are from the Wilcox Eocene, Tuscahoma sand, 
one mile N. of Ozark, Alabama. Rare specimens in the Bashi 
material seem to be identical. ) 

Loxostomum sp. (Pl. 1, Fig. 25). 


The figured specimen in some respects resembles L. clai- 
bornense Cushman but is not the same. It is probably a 
new species but more material is necessary to give the full 
characters.  - 


Genus BIFARINA Parker and Jones, 1872. 
Bifarina tombigbeensis Hadley (Pl.'1, Figs. 26-28). 


Bifarina tombigbeensis Hadley, Bull. Amer. Pal, Vol. 22, No. 74, 1995, p. 8, - 
Pl. 1, Fig. 7—Cushman, Special Publ. No. 9, Cushman Lab. Foram. 
Res., 1987, p. 198, Pl. 28, Figs. 1, 2, 20.—Cushman and Garrett, Contr. 
Cushman Lab. Foram. Res. Vol. 15, 1989, p. 82, Pl. 14, Figs. 22, 28. 


A 


The records for this species are all from Woods Bluff, Ala- 
bama, the type locality of the Bashi formation. It is not sur- 
prising therefore to find that this is one of the more common 
species in the Bashi material from near Yellow Bluff. It is 
probably a good index fossil for this part of the Eocene. 


Genus UVIGERINA d'Orbigny, 1826. 
Uvigerina alabamensis Cushman and Garrett (Pl. 1, Figs. 29-81). 


Uvigerina alabamensis Cushman and Garrett, Contr. Cushman Lab. Foram. - 
Res., Vol. 15, 1989, p. 83, PI. 14, Figs. 26, 27. 


t 


The types of this species are from the Bashi formation of 
the Wilcox Eocene at Woods Bluff, Alabama. Itis abundant in 
the collection from the Bashi near Yellow Bluff, Alabàma, and 
should, with the preceding species, make & good index fossil 
for this formation. | 


Family ROTALIIDAE. 
Genus LAMARCKINA Berthelin, 1881. 


Lamarckina wilcoxensis Cushman (Pl. 1, Figs. 82-85). 


Lamarckina wilcoxensis Cushman, Contr. Cushman Lab. Foram. Res. 
Vol. 2, 1926, p. 9, Pl. 1, Fig. 8; Cushman and Ponton, l. c, Vol. 8, 
1982, p. 70, Pl. 9, Fig. 4.—Glaessner, Problems of Paleontology, Mos- 
cow Univ. Vols. 2-8, 1987, p. 881, Pl. 2, Fig. 29. 
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A Foraminiferal Fauna of the Wilcox Eocene. 13 
The types of this species are from the ‘Wilcox Eocene, Bashi 


formation, of Woods Bluff, Alabama. It was also recorded | 


from the Tuscahoma sand, one mile N. of Ozark, Alabama. 


Glaessner recorded it from the Eocene of the Caucasus region.. 


It is fairly common in the Bashi material from near Yellow 
Bluff. l | 


Genus VALVULINERIA Cushman, 1920. 
Valvulineria scrobiculata (Schwager) (Pl. 2, Figs. 1, 2). 


Anomalina scrobiculata Schwager, Palacontograpbica, Vol. 80, 1883, Pal, 
Theil, p. 129, Pl. 29(6), Fig. 18. 

Valvulineria scrobiculata Cushman and Ponton, Contr. Cushman Lab. 
Foram. Res., Vol. 8, 1982, p. 70, Pl. 9, Fig. 5.—Cushman and Garrett, 
l. c, Vol. 15, 1989, p. 85, Pl. 14, Figs. 82, 88. 


. This species was described from the middle Eocene of north- 
ern África, a region which has numerous species in common 
with the southern United States. It has been recorded from 
the Wilcox Eocene, Tuscahoma sand, one mile N. of Ozark, 
Alabama, and from the Bashi formation at, Woods Bluff, Ala- 
bama. It is common in the Bashi material from near Yellow 


Bluff, Alabama. 4 


Valvulinería wilcoxensis Cushman and Ponton-(Pl. 1, Figs. 86, 87). 


Falvulineria wilcoxensis Cushman and Ponton, Contr. Cushman Lab. Foram. 
Res., Vol. 8, 1982, p. 70, Pl. 9, Fig. 6.—Cushman and Garrett, l. e, xor 
15, 1989, p. 85, Pl. 15, Figs. 1, 2. 


t 


This species occurs with the preceding one near Ozark and ` 


at Woods Bluf, Alabama. It occurs in typical fòrm in the 
Bashi material from near Yellow Bluff, and both species should 
make good markers for this part of the Wilcox Eocene. 


Genus EPONIDES Montfort, 1808. 


Eponides lotus (Schwager) (Pl. 2, Figs. 5, 6). i 
Pulvinulina lota Schwager, Palaeontographica, Vol. 80, 1888, Pal. Theil, 
p. 182, Pl. 28(5), Fig. 9. -> 
Eponides lotus Cushman’ and Ponton, Contr. Cushman Lab. Foram. Res. 
Vol, 8, 1982, p. 71, Pl. 9, Fig. 8—Glaessner, Problems of Paleontology, 
Moscow Univ. Vols. 2-8, 1987, p. 879, Pl. 8, Fig. 26.—Bermudez, Mem. 
Soc. Cubana Hist Nat., Vol. 12, 1988, p. 7.—Cushman and Garrett, 
Contr. Cushman Lab. Foram. Res. Vol. 15, 1989, p. 85, Pl. 15, Figs. 


8-6.—Israelsky, Proc. 6th Pac. Sci. Congress, 1989, p. 578, Pl. 5, Figs. - 


1-4; Pl. 6, Fig. 1.—Cushman and Tedd, Contr. Cushman Lab. Foram. 
Res., Vol. 18, 1942, p. 40, Pl. 7, Figs. 18, 14.—Thalmann, Stanford Univ. 
Publ, Univ. Ser, Geol. Sci, Vol. 8, No. 1, 1942, p. 18 (list). 
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This species 1s now widely recorded from the — of north- 
ern Africa, the Caucasus, Cuba, and the East Indies. It occurs 
in the Wilcox Eocene, Tuscahoma sand, near Ozark, Alabama, 
. and from the. Bashi formation at Woods Bluff, Alabama.- It 


; . is common in the Bashi material from near Yellow Bluff. - Speci- 


mens apparently identical occur in the Naheola formation of 
the Paleocene Midway group. jets i 


Genus SIPHONINA Reuss, 1850. 


Siphonina wilcoxensis Cushman (Pl. 2, Figs. 8, 4). 

Siphonina wilcowensis Cushman, Proc. U. S. Nat. Mus. Vol. 72, Art. 20, 
1927, p. 8, Pl. 2, Figs. 1-8.—Cushman and Ponton, Contr. Cushman Lab. 
Foram. Res., Vol. 8, 1982, p. 70, Pl. 9, Fig. 7.—Cushman and Garrett, 
1. ca Vol. 15, 1989, p. 86, Pl. 15, Figs. 7-9.—Israelsky, Proc. 6th Pac. 

- + Sei. Congress, 1989, p. 578, Pl. 7, Fig. 8.— Toulmin, Journ. Pal, Vol. 

15, 1941, p. 605, Pl. 81, Figs. 15, 16. 


This species seems to be an excellent index fossil for the 
Wilcox. Eocene, recorded from all the formations, and from the 


^ 


^. Eocene of California. It is common in the Bashi material from 


near Yellow Bluff. 
Family CASSIDULINIDAE. 


Genus PULVINULINELLA Cushman, 1926. 


Pulvinulinella obtusa (Burrows and Holland) (Pl 2, Figs. 7, 8). 
Pulvinulina exigua H. B. Brady, var. obtusa Burrows and Holland, Proc. 
Geol. Assoc, Vol. 15, 1897, p. 49, Pl. 2, Fig. 25.—Plummer, Univ. 
Texas Bull. 2644, 1926 (1927), p. 151, Pl. 11, Fig. 2. 
Puloinulinella exigua (H. B. Brady), var. obtusa Cushman and Ponton, 
Contr. Cushman Lab. Foram. Res., Vol. 8, 1982, p. 71, Pl. 9, Fig. 9.— 
_ Jennings, Bull. Amer. Pal. Vol. 28, No. 78, 1986, p. 84, Pl. 4, Fig. 4.— 
' Howe, Geol. Bull. 14, Louisiana Geol. Survey, 1989, p. 81, Pl 11, 
Figs. 1-6. 
Puloimsalinella obtusa Cushman and Garrats ‘Lc, Vol. 15, 1988, p. 27, Pl. 15, 
- Figs. 12, 18.—Cushman and Renz, l. c., Vol. 18; 1942, p. 11, Pl. 2, Fig. 
16.—Cushman and Todd, l. c, Vol. 18, 1942, p. 42, Pl. 7, Figs. 19, 20. 


This species is widely distributed in the Midway, Wilcox, 
and Claiborne. It is rare in the Bashi material from near Yel- 


low Bluff. | B 
Family GLOBIGERINIDAE. 


Genus GLOBIGERINA d'Orbigny, 1826. 
Globigerina cf. compressa Plummer (Pl. 2, Figs. 9, 10). 


1 


Very small specimens with five chambers in the adult whorl 
were found in the material from near Yellow Bluff and may 
belong to this species which has been widely recorded from the 
Midway and Wilcox. 


3 


— 


A Foraminiferal Fauna of the Wilcox Eocene. 15 


Globigerina triloculinoldes Plummer (PL 2, Figs. 11, 12). 


Globigerina triloculinoides Plummer, Univ. Texas Bull. 2644, 1926 (1927), 
p. 184, Pl. 8, Fig. 10.—Jennings, Bull Amer. Pal, Vol. 28, No. 78, 
1986, p. 85, Pl. 4, Fig. 10 -—Glaessnet, Problems of Paleontology, Mos- 


cow Univ, Vols. 2-8, 1987, p. 882, Pl. 4, Fig. 88.—Cushman, Contr.. 


Cushman Lab. Foram. Res, Vol. 16, 1940, p. 72, Pl. 12, Fig. 15.— 
Toulmin, Journ. Pal, Vol. 15, 1941, p. 607, Pl. 82, Fig. 8.—Cushman 
and Todd, Contr. Cushman Lab. Foram. Res, Vol. 18, 1942, p. 48, 
PL 8, Figs. 1, 2.—Thalmann, Stanford Univ. Publ, Univ. Ser. Geol. 
Sci, Vol. 8, No. 1, 1942, p. 18 (list). l 


This species is widely distributed in the Paleocene, Midway 


and lower Eocene Wilcox. Specimens from the Bashi near 
Yellow Bluff seem to be typical. 
Globigerina cf. pseudo-bulloides Plummer (Pl. 2, Fig. 18). 


A. few specimens in the material from near Yellow Bluff may 
belong to this species. 


Family GLOBOROTALIIDAE. 


Genus GLOBOROTALIA Cushman, 1927. 
Globorotalia wilcoxensis Cushman and Ponton (Pl. 2, Figs. 14, 15). 


Globorotalia wilcoxensie Cushman and Ponton, Contr. Cushman Lab. 
Foram. Res., Vol. 8, 1982, p. 71, Pl. 9, Fig. 10.—Cushman and Garrett, 
© Le, Vol. 15, 1989, p. 88, Pl. 15, Figs. 21, 22. 


The secundo for this species are from the Wilcox Eocene, 
Tuscahoma sand, one mile N. of Ozark, Alabama, and from the 
Bashi formation at Woods Bluff, Alabama. It is frequent in 
the Bashi material from near Yellow Bluff, Alabama. Cole 
records it from the Midway Paleocene of Florida wells but the 
figure given is apparently not the same as the Wilcox species. 

Globorotalia wilcoxensis Cushman and Ponton, var. acuta Toulmin 
(Pl: 2, Figs. 16, 17). 
Globorotalia wilcoxensis Cushman and Ponton, var. acuta Toulmin, Journ. 


Pal., Vol. 15, 1941, p. 608, Pl. 82, Figs. 6-8.—Cushman and Reng, Contr. 
Cushman Lab. Foram. Res. Vol. 18, 1942, p. 12, Pl. 8, Fig. 2. 


The types of this variety are from the Salt Mountain lime- 


stone of the Wilcox Eocene of Alabama. It occurs also in the © 


Paleocene of Trinidad. A few specimens occurred i in the Bashi 
material from near Yellow Bluff. 


Family ANOMALINIDAE. 
Genus ANOMALINA d’Orbigny, 1826. 


Anomalina umbonifera (Schwager) (Pl. 2, Figs. 18, 18). 


Discorbina umbonifera Schwager, Palacontographica, Vol. 80, 1888, Pal. 
Theil, p. 126, Pl. 27(4), Fig. 14. 
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Figs. 


‘Joseph A. Cushman. 


/ | 
EXPLANATION OF PLATE 1. 
(Al figures X50.) 


1,2. Spiroplectammina wilcozensis Cushman and Ponton. la, side 
view; b, apertural view. 

8. Robulus sp. 

4. Marginulina Sp. . 

b, 6. Dentalína wilcowensis Cushman, n. sp. 5, Holotype, a, side ; 
view; b, apertural view. 6, Paratype.. 

7. Guttulina problema d'Orbigny, var. arcuata Cushman, n. Var. d, 
side view; b, apertural view.  : ` 

8. Gutiulina wilcowensis Cushman and Ponton. 


. 9, 10. Globulina gibba d'Orbigny. 
. 11. Polymorphina sp. 


12. iVonionella roilcozensis Cushman and Ponton. 


. 18, 14° Gtimbelina wileowensig Cushman and Ponton.- 
. 15, 16. Peeudouvigerina naheolensis Cushman and Todd. 16a, side 


‘view; b, apertural view. 
17. Robertia wilcowensis Cushman and Ponton. 


.18. Houvigerina excavata Cushman. 
. 19, 20. Virgulina wilcorensis Cushman and Ponton. 


21. Virgulina cf. dibollensis Cushman and Applin. 

22, 28. Boltvtna cf. midwayensis Cushman. 

24. Loxostomum veilcorenso Cushman and Panton. 

25. Lowostomum sp. x 


. 26-28. Bifarina tombigbeensis Hadley. 27a, side view; b, apertural 


vlew. 


. 209-81. Uvigeriña alabamensis Cushman and Garrett. 8la, side 


view; b, apertural view.' 


. 82-85. Lamarckina wileoxensis Cushman. 82, 88, 85, ventral views; 


84, dorsal view. l 
86, 87. Valoulineria wilcovensis Cushman and Ponton.” 86a, ventral 
view; b, peripheral view; 87, dorsal view. 
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EXPLANATION OF PLATE 2, 
(All figures X50.) 
1, 2. Valvulineria serobiculata (Schwager). la, dorsal view; 4, 
peripheral view; 2, ventral view. 
8, 4. Siphonina wileoxensis Cushman. 3, dorsal view; 4, ventral 
view. 


5, 6. Eponides lotus (Schwager). 5, dorsal view; 6a, ventral 


view; b, peripheral view. 


7, 8. Pulvinulinelia obtusa (Burrows and Holland). ‘a, ventral - 


view; b, peripheral view; 8, dorsal view. 

9, 10. Globigerina cf. compressa Plummer. 9, dorsal view; 10, ven- 
tral view. i 

11, 12. Globigerina triloculinoides Plummer. 11, dorsal view; 12, 
ventral view. 

13. Globigerina cf. pseudo-bulloides Plummer. Ventral view. 

14, 15. Globorotalia wilcoxensis Cushman and Ponton. 14, dorsal 
view; 15a, ventral view; 6, peripheral view. 

16, 17. Globorotalia wilcoxensis Cushman and Ponton, var. acuta 
Toulmin. 168, dorsal view; b, peripheral view; 17, ven- 
tral view, 


18, 19. Anomalina umbonifera (Schwager). 18a, dorsal view; b, 


peripheral view; 19, ventral view, 

20. Cibicides blanpiedi Toulmin. a, dorsal view; b, peripheral view. 

21, 22. Cibicides howelli Toulmin. 21a, dorsal view; b, peripheral 
view ; 22, ventral view. | 

23, 24. Cibicides praecursorius (Schwager). 28, ventral view; 24, 
dorsal view. 


. Jour. Scr.--Vor, 242, No. 1, Janvary, 1944. 





"Ta 


18 2 "n ad oseph: A. Cushman. 


des 


e idnomitina — Cushian and Ponton, Contr. Cushman Lab. Woran: 


Res, Vol. 8, 1989, p. 72, Pl. 9, Fig. 11. 


„The types of this species are Don the middle Eocene of 
northern Africa. It occurs in the Wilcox Eocene, Tuscahoma 


.' sand, from one mile N. of Ozark, Alabama. Similar specimens 


were found in the Bashi material from near Yellow Bluff, 
Alabama.’ d | | 
Genus CIBICIDES Montfort, 1808. 

Cibicides praecursorius (Schwager) (Pl. 2, Figs. 23, 24). 


Discorbina praecursoria Schwager, Palaeontographica, Vol. 30, 1883, Pal. 
Theil, p. 125, Pl. 27(4), Fig. 12; Pl. 29(6), Fig. 16. 

Cibicides praecursorius Cushman and Ponton, Contr. Cushman Lab. Foram. 
Res. Vol. 8, 1982, p. 72, Pl. 9, Fig. 14.—Cushman and Garrett, l. c., 
Vol. 15, 1939, p. 88.—' Toulmin, Journ. Pal. Vol, 15, 1941, p. 610, Pl. 82, 
Figs. 19-21.—Cushman and Renz, Contr. Cushman Lab. Foram. Res., 
Vol. 18, 1942, p. 13, Pl. 3, Fig. 9.—Cushman and Todd, l. c, Vol. 18, 
1942, p. 45, Pl. 8, Figs. 17-20. 


This species described from the middle Eocene of northern 
Africa occurs in the Midway Paleocene and Wilcox Eocene of 
the southeastern United States. Specimens are fairly common 
in the Bashi material from near Yellow Bluff, Alabama. 


Cibicides blanpiedi Toulmin (Pl. 2, Fig. 20). 


Cibicides blanpiedi Toulmin, Journ. Pal, Vol. 15, 1941, p. 609, Pl. 82, 
Figs. 11-13.—Cushman and Todd, Contr. Cushman Lab. Foram. Res. 
Vol. 18, 1942, p. 46, Pl. 8, Figs. 13-15. 


The records for this species include the Salt Mountain lime- 
stone and the Nanafalia formation of the Wilcox group and 
the Naheola formation of the Midway group. A single specimen 
in the Bashi material from near Yellow Bluff, Alabama, seems 
to belong to this species. 

Cibicides howelli Toulmin (Pl. 2, Figs. 21, 22). 


Cibicides cf. pseudoungerianus Cushman and Garrett, Contr. Cushman Lab. 
Foram. Res., Vol. 15, 1939, p. 88, Pl. 15, Figs. 25, 26. 

Cibicides howelli Toulmin, Journ. Pal, Vol. 15, 1941, p. 609, Pl. 82, Figs. 
16-18.—Cushman and Renz, Contr. Cushman Lab. Foram. Res, Vol. 
18, 1942, p. 13, P1. 3, Fig. 10. 


This species 1s recorded from the several formations of the 
Wilcox Eocene and from the Paleocene of Trinidad. There is 
a considerable amount of variation in our specimens from the 
Bashi formation near Yellow Bluff, Alabama, but they seem 
to form one series. 

CUSHMAN LABORATORY rog ForaMiNIFERAL RESEARCH, 
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ABSTRACT. The sediments of four lakes in the Northern State Forest 
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of northern Wisconsin, Allequash, Little John, Muskellunge, and Nebish, — ~“ 


are described. 'The lakes are surrounded by forest and no parts of the 
surrounding lands have been cultivated. The lake basins are pits in out- 
wash and the shores are largely composed of sands. Shores are generally 
low and wave attack upon them is weak, and thus contribution of sediments 
from the shores is small. Sampling was done of the sediments on the 
present bottom and, by means of core samplers, of the sediments which 
have accumulated since the origin of the lakes. The sampling shows the 
slow rate of accumulation of the sediments. 


INTRODUCTION. 


HE four lakes of which the sediments are considered in this | 


paper are Nebish, Little John, Muskellunge, and Alle- 
quash. All are in the same general region of Vilas County, 
Wisconsin, and in the Northern State Forest. All are wood- 
land lakes and all lie in basins in glacial outwash deposits 
which are mainly quartz sands and silts. Some gravels are 
usually interbedded with the sands and silts. Bed rock is not 
known to be present around the borders of any of the lakes, 
but there may be an occasional large erratic. The lakes are not 
large. 'The map of Fig. 1 shows the relations of the lakes to 
each other and to the large Trout Lake. 

Allequash and Little John lakes have a common outlet into 
Trout Lake. Muskellunge drains through swamp into Alle- 
quash Lake. Nebish Lake has no outlet in the form of a stream. 

Muskellunge is the largest of the four lakes and has an area 
of around 900 acres. About 400 acres are covered by Alle- 
quash Lake, and Nebish and Little John Lakes cover about 100 
acres each. 

Each lake is surrounded by forest, mostly second growth, 
on nearly all parts of its shores. The waters are soft in each 
and none has any significant indraining stream except Alle- 
quash and this is not very large. The lakes were selected for 
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study because of their interwoodland positions and their close 
relations to each other. > x 

The wet sediments of each of the lakes on bottoms below the 

depth of about three meters consist largely of materials of 

- - organic origin and this is also generally true after the sedi- 

ments have been dried. Colors of wet sediments on gross 

appearance range from dark-greenish to dark-brownish black. 

Under the microscope the color of the organic-rich sediments 

- jn thin layers is a pale greenish yellow and the most abun- 
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Fic. 1. Map showing the positions of the four lakes described in this 
paper. Relations to the large Trout Lake are also shown. 
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dant substance is a pale-greenish, yellow gel in the form of 
irregularly globular units about 2 mm. in diameter. Enmeshed 
in the gel are sponge spicules, diatom tests, conifer needles, 
pollen grains, pieces of leaves, fragments of stems and bark, 
minute fragments of organic matter of indeterminate origin, 
and detrital particles of inorganic origin. Drying of these 
sediments produces a tough, somewhat rubbery, black to gray 


solid which breaks with difficulty, absorbs water slowly, does not _ 


fall apart when placed in water, and in many cases will float 


on water and may require several days before it becomes - 


water-logged. 
The writers have applied the term of *sludge" to this type 
of sediments. Other authors have used the term of “ooze.” 


The latter usage is clearly objectionable. Objections have been - 


made against the use of “sludge” on the ground that the term 
is preoccupied in connection with sewage. Deevey states that 
“ooze,” "sludge," and the European term of “gyttja” are 
synonymous and he urges adoption of the last term. The 
authors are in agreement with this suggestion and the Euro- 
pean term is used in this paper. Deposits of gyttja in the 
four lakes considered generally begin at a depth of about 
three meters, or ten feet, the limiting depth depending upon 
the size of the lake. There are places where this type of sedi- 
ment extends to the shore. 

The sediments on bottoms less than three meters deep in the 
four lakes considered in this paper are dominantly composed 
of gravels, sands and silts with sands the most common. Some 
organic materials are ordinarily present but the quantity is 
small and the transition zone from inorganic clastic sediments 
to gyttja is a narrow one. 

Cores were acquired in some of the lakes. None showed any 
stratification. It may be that some stratification would develop 
on consolidation. 

The lakes were not all studied in the same way either in the 
field or laboratory. This was conditioned by field relations. 

The writers are indebted to the Graduate School of the Uni- 
versity of Wisconsin for financial support of the studies of lake 
sediments, for without that support the work could not have 
been done. They are also indebted to Dr. Chancey Juday and 
the personnel of the Trout Lake Limnological Station for 
financial assistance, use of apparatus, and general coóperation. 
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Fro. 2. Nebish Lake showing places of acquirement of the Ekman 
samples. 
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x NEBISH LAKE AND ITS SEDIMENTS. 


Sampling of the sediments over the bottom of Nebish Lake 
was done in the summer of 1939 by Mr. V. E. McKelvey 
assisted by some of the personnel at the Trout Lake Station 
of the Geological and Natural History Survey. Samples were 
taken with the Ekman sample to the number of 70, and six 
cores were acquired with the Jenkin and Mortimer core sam- 
pler. The places of acquirement of the Ekman samples are 
shown by figures in Fig. 2 and the places of taking of the core 
samples are indicated by the letters A to F. Samples were 
also acquired with a spud sampler for the purpose of determin- 
ing the depth of the sediments. These are indicated in Fig. 3. 

The maximum depth of the lake is on the southeast where it 
is about 15.2 meters (50 feet). It was formerly deeper than 
now as a minimum of at least three meters of sediments has 
accumulated at the places where most of the cores were 
acquired. The bottom is irregular as shown by the contours 
on the maps of Figs. 2 and 3. The shore line has a length 
of about 2.5 miles and the area of the lake is 95 acres. 

The drainage from Nebish Lake is extremely interesting. 
The lake seems to lie on a seal over sands in such a way that 
the level of the water, at least at times, can be maintained above 
the local water table. There is a depression on the southwest 
margin just east of the west end of which the bottom is two to 
three meters below the level of the water in the lake. The 
depression was either empty or nearly empty of water during 
the summers of 1940 and 1941. The deepest part of the depres- 
sion is perhaps 50 meters from the shore of the lake and the 
top of the separating ridge is four to five meters wide. A shal- 
low ditch, which was not over a third of a meter deep, was cut 
across this ridge in 1940 and water rapidly flowed from the 
lake into the depression where it disappeared. It was estimated 
at that time that the quantity of water flowing from the lake 
into this depression was of the order of 150,000 gallons per day. 
Ice push or the washing of waves closed the channel between 
the summers of 1940 and 1941. The bottom of the depression 
is thinly covered with fine-grained sediments through which an 
animal had dug numerous holes and brought sands to the sur- 
face. It is possible that this digging may have broken the 
seal which formerly permitted the depression to hold water. 
That it formerly held water to the level of that in the lake is 
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Fra. 3. Nebish Lake showing places of acquirement of the core (A. B. 
ete.) and spud samples. 
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shown by the absence of trees and shrubs over the depression 
to that level. As both the lake basin and the depression are in 
porous outwash sands it is obvious that the local ground water 
table at the times of observation was below the level of the 
bottom of the depression. It is suggested that in the early 
history of the region the ground water table was much higher 
than at present and then coincided with the water level of the 
lake which may also have been higher than now. Sediments 
were then deposited over the bottom of the lake and also over 
the bottom of the depression and this ultimately led to a con- 
siderable seal over the sands which underlie the basin of the 
lake. This sealing of the bottom is thought to have been 
brought about through deposition of silt by melt waters and 
probably began immediately with retreat of the Wisconsin 
Glacier, and before the establishment of vegetation. At some 
later date, perhaps only recently, the local ground water table 
fell below the water level of the lake, thus leaving the lake on 
a perched water table. 

The organic sediments deposited in Nebish Lake are derived 
from the surrounding vegetation and from plants and animals 


living in the lake. The small brooks which at times drain into - 


the lake may bring in small quantities of clastic and colloidal 
sediments. Some inorganic sediments may be derived from 
erosion of the shores and some sediments of this origin must 
fall from the atmosphere. Most of the sediments in the lake 
are of organic origin. The plant materials consist of frag- 
ments of leaves, stems, and bark, conifer needles, and pollen 
grains, all derived from plants living around and in the lake, 
and diatom tests. Sediments of animal origin may consist of 
sponge spicules, shells of invertebrates, and the bones of fish, 
frogs, and tadpoles. The lake has numerous fish, but shelled 
invertebrates are few. No shells of invertebrates or bones of 
vertebrates were found in any of the sediments. 

Sediments which are largely of inorganic derivation cover 
the shallow bottom adjacent to the shores and extend outward 
with gradually increasing content of organic matter to depths 
which are usually less than three meters. At greater depths 
the sediments are very largely composed of organic matter. 


THE WATERS OF NEBISH LAKE. 


The waters of Nebish Lake have a brown shade due to colloi- 
dal organic matter in suspension. The pH ranges from about 
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6.8 in the top waters to 6.0 on the bottom of the deep hole on 
the southwest end. There is a gradual decrease of the pH with 
depth. The quantity of material in solution in the waters of 
the lake is small and for silica it ranges from about 0.1 part 
per million in the surface waters to 0.6 part per million at the 
depth of 13.5 meters and 0.7 part per million in the deepest 
part. On August 23, 1932, the silica in solution ranged 
from 0.4 part per million in the surface waters to 1.4 parts 
per million at the depth of 14 meters. Calcium ranged from 
2.25 parts per million in the surface waters to 3.5 parts per 
million at the depth of 12 meters (40 feet). Magnesium 
ranged from pth in the surface waters to 0.3 parts per 








million at the depth of 12 meters (40 feet). Ferrous and ferric 
iron on August 4, 1934, ranged from nothing in the surface 
waters to about 1.6 and 0.1 parts per million respectively at 
the depth of 14 meters. Total elemental iron on August 23, 
1932, ranged from 0.06 parts per million in the surface waters 
to 1.0 parts per million at the depth of 14 meters. On the same 
date elemental manganese ranged in these depths from 0.01 to 
0.2 part per million. Oxygen and carbon dioxide on August 1, 
1921, ranged respectively from 8.1 and 1.6 parts per million in 
the surface waters to 0.2 and 21.6 parts per million at the 
depth of 14 meters (Juday, Birge and Meloche). 

These figures show that the waters of Nebish Lake contain 
little inorganic matter in solution. This is some little contrast 
to the waters of Allequash, Muskellunge, and Little John lakes 
in which the quantities of dissolved salts are greater. The 
waters of Nebish Lake seem to be oligotrophic. 


PHYSICAL COMPOSITION OF THE SEDIMENTS OF NEBISH LAKE. 


The sediments over the bottom of Nebish Lake below the 
depth of about three meters are rich in organic materials and 
belong to the variety of organic-rich sediments known as gyttja. 
These sediments are dark-greenish to dark-brownish black when 
wet and gray to black when dry. Mechanical analyses of these 
sediments must be made before they are dried. If the sedi- 
ments are dried, it is essentially impossible again to separate 
them into the original particles. Under the microscope the 
most abundant substance in the gyttja is a pale greenish 
yellow gel. 

Some mechanical analyses were made of all the samples col- 


* 


EJ 





liments of Four Woodland Lakes, Vilas Uo., Wis. — 21 


lected, but it is thought that the results are essentially mean- 
ingless from the point of view of sedimentation. The detrital 
materials are mingled with sponge spicules, diatom tests, and 
pieces of leaves, stems and bark. All particles are enmeshed 
in the pale greenish yellow gel from which it has been found 
impossible completely to separate them. There is no reason to 
believe that the particles are of the same dimensions as when 
they settled to the bottom. It is possible that some are larger, 
others smaller. They were probably flocculated at the time of 
settling. Mechanical analyses were made of sediments from 
the shallow water to depths not exceeding three meters. The 
map shows the positions of these samples and their physical 
constitution is shown in Table 1. It is interesting to note the 
vast differences in physical composition of sediments from the 
same depth. Thus, sample 8, with no particles as large as 
4 mm. should be compared with sample 13, where the largest 
percentage is larger than 4 mm. Samples 1 and 66 show a 
small decrease in dimension with slight increase in depth. 
Samples 7, 12, 13, 24, and 38 contain many particles larger 
than 4 mm. in diameter. It will be noted that samples 1, 7, 8, 
12, 15a, and 65 have more than half the sediments in the range 
from 14 to 1 mm. in diameter, whereas samples 13, 24, and 38, 
all in very shallow water except 24, have the maximum quantity 
in dimensions of 4 or more mm. in diameter. Samples over the 
deep parts of the lake, that is below three meters, have the 
detrital particles dominantly around 14 mm. or less in diameter. 
Analyses show larger diameters but these largely arise from 
fragments of vegetable matter. 


Taste 1. Mechanical Analyses of Shallow Water Sediments. 


Grade Dimensions in mm. 


Sam- Water 
ple Depth 4 2 1 Ya Y, Y 1/16 1/16 
1 24m. 0.00% 3.61% 4.78% 16.10% 46.85% 23.92% 4.52% 0.00% 
7 1 25.15 8.29 12.14 37.10 14.90 2.66 0.00 0.00 
8 1 0.00 3.51 2.69 40.85 29.60 9.18 3.96 0.00 









The figures of the table do not state the facts accurately, 
as most of the samples contain small quantities of pieces of 
leaves, stems, bark, and conifer needles and these shift the 
frequencies to the larger dimensions and thus make the sedi- 
ments seem coarser than they really are. It is also probable 
that some of the very fine materials are adherent to the larger 
because of the gel which may be present in some samples. 

The samples of the six cores are not unlike the materials of 
the bottom at the places where they were taken except in the 
one case where the materials below the organic sediments were 
penetrated. Descriptions of the core samples together with the 
Ekman sample of the place of taking are as follows. 

Core A. (Water 2.7 meters deep.) The Ekman sample is 
greenish black in gross appearance, but the composing materi- 
als are largely a pale greenish-yellow gel which contains many 
pollen grains, a few sponge spicules, some diatoms, and small 
particles of quartz and other minerals. 'lhe number of sponge 
spicules is about equal to that of the diatoms and neither seems 
to be numerous. The diatoms are fusiform, slender, and some 
are constricted slightly between the middle and the ends. The 
core is represented by eight samples which extend through a 
thickness of sediments of ten feet, or a little less than three 
meters. 

Core B. (Water seven meters deep.) The Ekman sample 
is greenish-black and is largely composed of pale greenish- 
yellow gel which contains many pollen grains, a few diatoms 
and sponge spicules, the latter more common, and small angular 
particles of clear quartz. 

The core samples were dry when studied and consisted of 
dark gray, very hard and tough materials. Some samples were 
covered with small, light-colored, fibrous crystals. The sam- 
ples floated on water, did not readily wet, absorbed water very 
slowly and showed no indication of falling apart after soaking 
for 24 hours. 'The core is ten feet long (about three meters), 
and is represented by ten samples. 

Core C. (Water 11 meters deep.) The Ekman sample has 
a greenish-black color, but is largely composed of the pale 
greenish-yellow gel in which are many fusiform diatoms. The 
dry core samples are black, hard, and tough. ‘The sediments at 
the depth of three meters beneath the bottom contain numerous 
sponge spicules. All samples contain many pollen grains, but 
diatoms do not seem to be abundant. Some samples contain 
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small, white-colored spherulites with fibrous structure. The 
core is about three meters long and is represented by ten 
samples. 

Core D. (Water about 15 meters deep.) The Ekman sam- 
ple is greenish-black in gross color, but is composed of pale 
greenish-yellow gel in which are enmeshed many pollen grains, 
some sponge spicules and fusiform diatoms, and small angular 
particles of quartz. The wet core sample from the depth of 
two meters below the bottom of the lake had a strong odor of 
hydrogen sulphide which was probably produced from the decay 
of organic matter. The color of the samples from the core is 
dark gray to black, but the sediments are largely composed of 
pale greenish-yellow gel which contains many pollen grains, 
plant fibers, quite common but not abundant sponge spicules, 
diatom tests, and small angular particles of quartz. The core 
is nine feet (a little less than three meters) long, with a sample 
for each foot. 

Core E. (Water about six meters deep.) The Ekman 
sample consists of fine sand with which there is not a great 
deal of organic matter. The top foot of the core is black, and 
contains many pollen grains, common diatoms, and more com- 
mon sponge spicules. The second foot consists of silt contain- 
ing some organic matter. This sample represents two layers 
of which the upper is a black and tough clay with much organic 
matter, and the other is composed of friable, dark gray silt. 
The third foot is sand and silt with little organic matter. This 
core is three feet long (a little less than one meter). 


Core F. (Water about six meters deep.) This is the 


longest core obtained. The sediments were penetrated to the 
depth of about 4.5 meters. They consist of pale greenish-yel- 
low gel with enmeshed pollen grains, fragments of plants, sponge 
spicules, diatom tests, and small angular particles of quartz. 
The gross color is greenish-black. 


WATER CONTENT OF THE SEDIMENTS. 


The sediments were analyzed for water immediately on arrival 
in the laboratory. Not all samples were analyzed and few 
determinations were made of the samples taken with the Ekman 
dredge. The water contents of cores A to F together with the 
Ekman samples taken in connection with the cores are given in 
Table 2. Each sample represents one foot or about a third 


of a meter. LAS UT> 
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Taste 2. Water Contents of Sediments of Cores B, C, D, and F. 


Sample . 
No. Core A Core B Core C Core D Core F 
Ekman 83.4% 96.2% 
1 ft. 88.3% 90.7 92.7% = 
2 93.4 94.6 
3 95.1 94.0 93.6 91.5% 93.7 
+ 92.7 92.9 
5 83.4 92.3 87.9 81.6 92.1 
6 86.6 92.3 
7 86.1 86.4 84.8 87.8 93.3 
8 82.2 91.5 
9 87.2 85.3 86.8 86.0 
10 84.2 83.0 
11 85.4 
12 85.6 
13 85.3 
14 19.8 
15 87.8 


The average water content of Core F is 87.6 per cent. A 
gradual decrease in water content takes place with depth 
but the average percentage is present at the greatest depth 
attained. If the water were expelled from the sediments and 
they were compacted, the 4.5 meter column of Core F would be 
reduced to about 0.6 meter of sediments. However, it is proba- 
ble that not all of the water could be expelled and perhaps the 
thickness of sediments remaining might be equal to about one 
meter. 

Except for Core E, the bottom of the sediments deposited 
since the Ice Age was not reached in any of the core sampling, 
hence the actual maximum depth of sediments in Nebish Lake 
is not known. Sediments in lakes at no great distance show a 
range from about three meters in Crystal Lake to 12.77 meters 
(42 feet) in Lake Allequash. It is assumed that the maximum 
depth in Nebish Lake is somewhere between these extremes with 
the probability that it is nearer the lower extreme than the 


upper. 
SPUD SAMPLING. 


The sediments over the bottom of the lake were studied by 
means of a spud sampler. The places of sampling are shown on 
the map of Fig. 3. Results are given in the paragraphs which 
follow. If sand is present in the samples, it is so stated. If 
not so stated, it was not observed. 
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Range No. 1. 
1. Water 1.7 meters — 

0—0.8 meter. Greenish-brown gyttja with plant fiber in the 

` lower part. | 

0.84—1.17 meters. Gray sand and silt with organic matter, 
sand, pinkish gray in basal inch. 

2. Water 8 meters deep. 

0—2.80 meters. Greenish-gray gyttja with plant fibers and 
fragments of wood in basal third. Becomes slightly 
pinkish in color near base. 

9. Water 1.5 meters deep. 

0—0.18 meter. No sample. 

0.18—0.48 meter. Gray sand with wdy fragments and 
other organic matter. Sand pinkish-gray without organic 
matter in lowest 7 cm. 

Range No. 2. 
1. Water 1.8 meters deep. 
i 0—2.87 meters. Greenish-gray gyttja with plant fibers in. 
lower half. 
2. Water 1.8 meters deep. 

0—0.42 meter. Greenish-gray gyttja. 
0.42—1.28 meters. Brown gyttja with plant fragments and | 
sand and gravel, rests on pinkish-gray sand and gravel 
without organic matter. 

8. Water 2.2 meters deep. 
Gravel penetrated at 15 cm. Thin gyttja above. 
4. Water 5.7 meters deep. 
0—1.41 meters. Greenish-brown gyttja with plant fiber, rests 
on pinkish-gray sand and silt without organic matter. 
5. Water 7 meters deep. 
0—4.95 meters. Greenish-gray gyttja without plant fiber. 
6. Water 7.7 meters deep. 
0—8.96 meters. Greenish gray gyttja. 
7. Water 2.7 meters deep. r 

0—1.11 meters. Greenish-gray and greenish-brown gyttja 

- with sand and plant fiber in lower part. 

1.11—1.28 meters. Brownish-gray sand and pebbles with a 
little organic matter and pinkish gray sand without 
organic matter at the base. 

Range No. 8. l 
1. Water 2 meters deep. 

0-0.7 meter. Greenish-brown gyttja with plant fiber rest- 

ing on grayish-brown sand with little organic matter. 
2. Water 5.15 meters deep. | 

0—2.7 meters. Greenish-brown gyttja with plant fiber in 

lower half. 
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8. Water 8.5 meters déep. 
0—8.68 meters. Greenish-brown gyttja without peu fiber. 
4. Water 7 meters deep. 
0—4.62 meters. Greenish-brown gyttja. 
. 5. Water 8.8 meters deep. ' 
0-1.05 meters. Greenish-brown gyttja with woody frag- 
~ ments and sand in lower half resting on pinkish-gray 
sand without organic matter. 
Range No. 4. 
1. Water 2 meters deep. l 

0—2.04 meters. Greenish-brown gyttja with plant fiber and 
wood, sand and gravel in lower half. 

2. Water 1.8 meters deep. : 

0—0.42 meter. Sandy gyttja or muck, spud struck gravel. 
8. Water 2.8 meters deep. 

0—0.12 meter. Dark gyttja on gray sand and silt. 
4. Water 7.5 meters deep. 

0-2 meters. Greenish-dark gray gyttja, sandy in basal . 
inch and resting on light brown sand with no organic 
matter. 

5. Water 10.8 meters — 
0—2.88 meters. Greenish-dark gray gyttja. 
6. Water 6.5 meters deep 
- 0—0.68 meter. Gray gyttja with a little sand. 
7. Water 8 meters deep. 
` 0—0.80 meter. Brownish-gray sand with organic matter at 
top and pinkish-gray sand without organic matter at base. 
Range No. 5. 
1. Water 2.7 meters deep. 

0—0.09 meter. Gieealu brown gyttja with some sand and 

plant fiber on light-brown sand and ionis no organic 
matter. 
2. Water 7.6 meters deep. 

0—1.51 meters. Greenish-brown gyttja with plant fiber in 
the lowest six inches, rests on Pinisi gray clay. 

, 8. Water 10.25 meters deep. 

0—8.72 meters. Greenish-brown gyttja with plant fiber in 
basal part, rests on brown sand and silt with a little 
organic matter. E 

4. - Water 7 meters deep.  , 
' 0—1.92 meters. Greenish-brown gyttja on pinkish- -brown 
sand and silt without organic matter. 
5. Water 4 meters deep. 

0—0.12 meter. Grayish-brown sand and silt with a little 

organic matter. | 
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Range No. 6. 
1. Water 2.8 meters deep. 

0-0.69 meter. Brown sand with organic matter above 
brown sand without organic matter. . 

2. Water 5 meters deep. 

0-2.22 meters. Greenish-brown ou with plant fiber in 
lower part, rests on grayish-blue clay with a little organic : 
matter in top part. 

8. Water 8.8 meters deep. 
0-2.5 meters. Grayish-brown gyttja on brown sand with 
organic matter. 
4. Water 14.8 meters deep. 
0—8 meters. Greenish-brown gyttja. 
5. Water 10.9 meters deep. 

0-2.9 meters, Greenish-brown gyttja. 

6. Water 6.7 meters deep. F 

0—1.85 meters. Greenish-brown gyttja on grayish-brown 
sand with organic matter above pinkish-brown sand with- 

- out organic matter. 

7. Water 6 meters deep. 

0—1.88 meters. Greenish-brown gyttja with plant matter 
in bottom foot and some sand at base, rests on pinkish- 
brown sand without organic matter. 

8. Water 5.5 meters deep. 

0-—2.64 meters. Greenish-brown gyttja with plant fiber in 

lower part and some sand in bottom foot. ' 


The spud samples throw a little more light on the depth of 
the sediments than is given by the core samples. It seems 
obvious that over much of the bottom the thickness of the sedi- 
ments rarely exceeds four meters and that in many places it 1s 
less than half that figure. It is only in the very deep places 
that the thickness is greater than four meters. 


CHEMICAL COMPOSITION OF THE SEDIMENTS. . 


The organic contents of the sediments of Cores B, E and F, 
based on loss on ignition, were determined by Mr. McKelvey 
and are given in Table 8. It is certain that the figures are 
not quite correct as some of the loss is due to water in diatom 
tests, sponge spicules and in the small quantity of clay which 
is present. Lignin determinations were made with some of the 
organic matter. These are given in Table 4. Analyses are 
according to the method of Steiner and Meloche. Results are 
only approximate, 
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Taste 8. Organic Contents ‘of Sediments of Cores B, E and F as ` 


Determined. through Loss on Ignition. 


Sample Number : Organic Matter 
B Ekman |. 62.6% 
1 : 68.2 
2 66.2 l 
3 68.5 
E 4 62.8 
. 6 49.6 
6 47.0 
T 51.7 
8 21.0 
10 55.5 
E Ekman PEE 45.0 
ok oe _ 440 
8 8.5 
Bottom of 8 2.7 
F Ekman 66 
2 78 
6 68 
8 , 61 
10 — 61 
18 l 68 


The figures show that 1n the organic-rich sediments the loss 
on ignition is around 50 per cent. Im Core B, it is a little 
greater than 55 per cent. The low figure in B-8 is not under- 


stood. Mr. McKelvey’s figures for loss on ignition are gener- 


$ 


ally larger than those of Mr. Carter. It is thought that: — S: 


is due to less complete elimination of water before gun 
Analyses by Mr. Carter are given in Table 5. 


The lignin content of the organic matter of Cores A, B, D 


and F is given in Table 4. The determinations were made by 
Mr. McKelvey. 


Tasun 4. Lignin Content of Sediments of Cores A, B, D, and F. 


Sample Per Cent Lignin in organic matter 
Number CoreA | Core B Core D Core F 
1-2 84.85% 27.20% ` 81.60% 18.15% (1) ; 26.00% (2) 
4 81.80 
6 40.07 - 28.50 21.20 21.60 
8 46.10 25.00 19.15 17.00 
19.85 A 
10 15.00 15.85 12,40 
12.45 
11 87.20 i 
18 7.05 


The analyses indicate that, in general, something less than 
one-half of the organic matter is in the form of lignin. 
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There seems to be little in the — — to — 
matter which indicates anything of significance. The low per- 
centage of organic matter in sediments deposited before the 


. covering of the surrounding region with vegetation is shown 


in E-8 as‘ contrasted with figures given for the organic-rich 
sediments of Core B. It was assumed that the lignin content 
would increase with depth because of bacterial elimination of 
the proteins and cellulose. 'T'his seems to be indicated by the 
figures of Core B, but is not sustained by those of Core F. 

More or less complete chemical analyses of the sediments gave 
Mr. Carter the results shown in Table 5. 


Tase 5b. Chemical Composition of Sediments of 
Cores A, C, and D. 
Soluble in: 


Sample . Loss on Chloro- 
Number A] Fe, . Fe, SiO, Ignition form Ether 
A. Ekman 7.89 0.68 8.09 27.58 40.18 1.96 1.13 
2 8.15 0.98 . 1.45 28.92 40.62 1.80 - 1.00 
4 8.42 0.49 1.90 85,87 52.01 1.08 0.70 
6 2.70 0.72 2.80 83.94 51.00 0.87 0.59 
8 7.05 1.18 2.60 80.53 48.15 1.70 0.40 
C Ekman 7.50 0.80 1.96 28.90 86.09 2.02 1.82 
2 5.15 1.02 1.61 24.54 84.64 1.86 1.26 
4 8.78 1.89 0,90 25.54 56.89 2.80 1.24 
6 4.26 1.80 1.88 85.83 51.28 1.80 0.86 
8 4.99 1.82 1.71 87.00 51.02 0.52 0.56 
10 3.99 1.46 2.88 26.61 43.78 1.97 0.50 
D Ekman 5.45 0.60 2.15 271.74 . 88.96 1.80 1.18 
2 5.78 0.64 1.94 28.27 87.91 2.87 1.12 
4 5.18 1.01 1.97 18.71 51.99 1.48 0.82 
8 4.81 1.10 2.80 26.94 52.28 1.68 0.90 
10 8.80 1.11 2.40 26.61 46.69 0.57 0.71 


The tables indicate that the ferric i ifon deora with depth 
which is to be expected because of: ‘reduction of ferric com- 
pounds by bacterial decomposition of, organic matter. The fer- 
rous iron seems to be variable in distribution and it does not 
change complementary to the ferric iron. As compounds of 
ferrous iron are more or less soluble it would be possible for 
them to move in the waters permeating the sediments. The 
quantities of both forms of iron are small. The aluminum is 
generally greater in the higher parts of the column and declines 
somewhat with depth. The reason for this is not known unless 
it is associated with the human agricultural period which per- 
mitted more dust to drop from the atmosphere. Silica is 
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greatly variable in its distribution, which is what should be `- 
expected considering the three possible derivations—inorganic 
‘sediments, sponge spicules, and diatoms. The sediments also 
contain traces of caléium, magnesium, manganese, sodium, . 
potassium, and phosphorus. 

The quantity of oils in the sediments was not determined 
with a great deal of precision and more is present than the 
| figures indicate. There seems to be little correlation between 
the loss on ignition and the quantity of oils determined. | 

Compacting and lithification of the sediments in Nebish Lake ` 
would produce a thickness of a half to a meter of sediments 
over the deep parts of the basin and less than a third of a meter 
about the margins. The sediments over the deep parts of the 
basin would be black shales rich in organic matter and these 
would pass outward into sands and gravels over those parts of | 
the present basin which are less than about two meters deep. 
There would be places, however, where tongues of clayey,, 
sandy,.or gravelly sediments would extend into what formerly 
were deeper parts of the basin as shown by the sediments 
encountered in Core E in water of the depth of about six 
meters or 20 feet. 'The deposits were made since retirement of 
the Wisconsin ‘glacier some 25,000 to 50,000 years ago. This 
gives a maximum rate of deposition of compacted sediments of 
a meter in 50,000 to 100,000 years. 


LITTLE JOHN LAKE AND ITS SEDIMENTS. 


The position of Little John Lake and its relations to the 
other lakes considered in this paper are shown. on Fig. 1. Its 
area is about 100 acres and the shores are composed of sands 
and gravels. The greatest depth of water in the lake, 6.8 
meters or about 21 feet, is just north of the peninsula on the 
north end. 

The sediments over the bottom of Little John Lake below the 
depth of about three meters are largely of organic origin and 
the organic material consists mostly of pale greenish-yellow 
gel in which are enmeshed conifer needles, pollen grains, and 
pieces of leaves, bark and stems. There are also sponge spicules, : 
diatom tests, and particles of quartz and other minerals. Few 
of the inorganic particles in the organic-rich sediments show 
much rounding. Some of the organic sediments originated in 
the lake, others were derived from the vegetation on the land: 
surrounding the lake. It has not been possible to evaluate the 
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scontributiogis from the two sources. These organic sediments 
seem to be typical gyttja. 

Sands and gravels cover the bottoms adjacent to the shore | 
from which the inorganic sediments were largely derived. It 
is also probable that most of the inorganic components of the 
gyttja were derived from the shores. Some inorganic sediments 
must have fallen from the atmosphere. 

The waters of Little John Lake are soft and evidently are 
oligotrophic. Materials in solution are of small quantity and 
of about the same qualitative and quantitative importance as in 
the waters of other woodland lakes of the region. Quantities 
àre somewhat larger than in Nebish Lake. Studies by the 
Trout Lake Limnological Laboratory have shown that the: 
waters contain 17.80 milligrams of magnesium per liter. 

The lake contains few shelled invertebrates and no shells were 
found in any of the samples collected. This is in keeping with 
the situation in other small woodland Jakes of the region. 

Samples to the number of 41 were obtained from the bottom 
of Little John Lake by means of the Ekman dredge. These 


were taken along five ranges, as shown 1n Fig. 4. Six core sam- 





Fro. 4. Little John i. showing station of Samping with the Ekman 
dredge. 
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ples were obtained from positions shown on the map of Fig. 5 
and the same map shows the stations from which the sediments 
were sampled by means of & spud sampler. | 


\ 





Fro. 5. Little John Lake, showing stations of sampling with the spud 
‘sampler and the stations from which cores were obtained. Stations of 
cores are indicated by capital letters. E 


Mechanical analyses of the finé-grained organic-rich sedi- 
. ments from the deeper parts of the lake were not made as it has 
been found that analyses of such sediments have little or no 
sedimentational significance. 'The samples contain large quan- 
tities of microscopic plant material and all particles are 
enmeshed in a pale greenish-yellow gel from which it is diffi- 
cult to separate them. Elimination of the organic matter can 
be done, but other things are also eliminated. Analyses of the 
sediments from the shallow waters adjacent to the shores are 
given in Table 6. These sediments do not contain much organic 
matter. | 
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Tase 6. Mechanical Analyses of the Shallow Water Sediments 
of Little John Lake. 


Depth 
Sample Number of-water over 4mm. 9-4 mm. 12mm. %4-l mm. 
1 . 088m. 41.70% 9.68% 8.91% 5.55% 
2 1.50 ' 0.18 4.18 10.04 . 15.68 
8 4.50 0.00 1.19 2.91 12.10 
9 i 500 . 1.72 "8.21 417 21.15 
18 - 0.88 0.75 1.48 2.86 8.14 
14 8.00 0.90 2.89 8.82 18.00 
19 0.88 4.60 "288 278 18.75 
20 4.00 8.68 5.88 5.24 18.82 
24 Rocky bottom 2.50 2.95 5.82 5.10 18.90 
25 Gravel beach 0.50 4.40 8.06 4.81 18.25 
29 Rocky bottom ` 1.50 56.00 12.0 8.10 9.05 
84 8.50 1.47 7.69 12.09 21.90 
85 1.00 5.40 ' 1.00 9.95 16.90 
41 0.50 0.88 1.89 2.82 9,04 
less than 
YA Ys 1/16- 1/16 , 
mm. mm. - mm. mm. Q1 M Q3 So Sk 
18.70% 17.15% 550% 0.989, 5.60 280 055 82 58 
88.42 27.42 8.65 0.19 0:67 087 022 17 107 
58.40 26.90 8.81 0.82 0.45 O84 0.22 14  .86 
60.25 9.10 0.29 0.10 0.60 042 082 138 109 
51.60 21.05 1.58 0.18 087 084 028 138 74 
51.80 20.80 1.64 . 0.17 048 086 026  Á 14  .96 
46.80 16.88 6.75 1.57 0.00 O41 OBL 14 1.16 
41.80 19.45 4.18 0.51 0.62 042 025 18 87 
50.80 21.70 1.80 0.11 0.555 O86 025 16 1.06 
48.50 23.90 2.84 0.18 0.50 | 0.88 024 14 88 
10.80 2.92 1.08 0.00 620 440 270 15 9l 
42.20 14.40 1.18 0.28 0.85 045 03830 17 12 
44.50 15.80 0.91 0.09 0.92 0.44 080 1.8 142 
46.80 81.20 7.10 1.01 044 0.28 018 15 1.80 


The analyses show the great differences in the sediments for 
the same depths and the variations in depths over which sedi- 
ments of like dimensions are distributed. : It should be noted 
that sediments of the coarseness indicated by samples 1 and 
29 were collected at depths of 0.83 and 1.5 meters respectively 
and that at other places of these depths the sediments are by 
no means as coarse as may be seen by comparing sample 1 with 
18 or 19 and sample 20 with sample 2. The analyses do not 
show the contrasts as great as they really are, as sample 29 
‘was taken from a rocky bottom whereas sample 2 was taken 
from a sandy bottom. This is the case in a small lake where 
the inorganic sediments have a somewhat common source in 
outwash deposits. It is known that the contrasts in a large 
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lake have even greater magnitudes as work to be later pub- 
- lished on the sediments of the large Trout Lake will show. 

An interesting feature is the narrow range of the physical 
constants, as is shown in the last five columns of Table 6. With 
the exception of samples 29, 34, and 85, all fall in a relatively 
narrow range. The coefficients of sorting of all samples except 
number 1 are in the range from 1.8 to 1.8. All samples except- 
ing numbers 1, 34, 35, and 41 have the skewness in a close 
range. It is suggested that these similarities are largely due 
to the fact that the outwash deposits over any part of the 
shores are reasonably well sorted and thus the sediments derived 
from these deposits would exhibit a Soren net like degree of 
sorting. d 

The spud sampler was used to determine the thickness of the 
sediments in Little John Lake. Results were not very success- 
ful. Twenty- -five soundings on five ranges were made, as shown 
on Fig. 5. The sediments were found to exceed a thickness 
of 4.9 meters, about 16 feet, in only four places and to exceed 
4.6 meters, about 15 feet, in two additional places. In one 
' place the original bottom of the basin is thought to have been 
reached at five meters. As the sediments contain approximately 
_ 95 per cent water, it follows that the total thickness on com- 
^ paction would approximate about a third of a meter, or a rate 
of deposition of about a meter in 75,000 years or more. Results 
of the spud sampling are described below. The last figure in 
connection with each station gives the maximum depth pene- 
trated by the sampler. The bottom of the sediments which 
. have accumulated since the establishment of vegetation in the 

region is thought not to have been reached at 10 stations. The 
last figure given at each station is the depth penetrated. 


Range 1 
No. 1. Water 0.6 meter deep. 
0 to .8 meter, — gyttja, no plant fibers 
and no sand. ` 
.8 to 1.8 meters, brown — The original bottom of 
the lake is evidently on top of the peat. 
No. 2. Water 2.5 meters deep. 
O to 2.4 meters, greenish-brown gyttja. 
2.4 to 2.5 meters, pinking-gray very fine sand * 
silt. 
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No. 3. 
No. 4 
No. 5 
Range 2 
No. 6 
No. 7 


No. 10. 


Range 8 


. No. 11. 


No. 12. 
No. 18. 


No. 14. 


No. 15. 


Water.8 meters deep. E 
O to 5 meters, greenish-brown gyttja with a little silt 
in lowest part. 
Water 4 meters deep. 
O to 8 meters, greenish-gray gyttja with some sand. 
3 to 8.6 meters, gray silty clay without. organie matter. 
Water 2 meters deep. 
O to .76 meter, fine sand with some organic matter. 
.76 to 1.5 meters, gray sand: with some particles to 
2 mm. in diameter with silt and organic matter in 
upper part, silty clay below without organic matter. 


Water 4 meters deep. 
O to 1.5 meters, greenish-gray gyttja. 
1.5 to 2.1 meters, greenish-brown organic matter 
which is peat like. i 
2.1 to 2.6 meters, gray sand and silt with pinkish-gray 
silt and clay at base. 
Water 5 meters deep. 
0—8.75 meters. Greenish-gray gyttja. 


. Water 5 meters deep. 


0-4.65 meters, greenish-gray gyttja. 


. Water 4.2 meters deep. 


0—4.92 meters. Greenish-brown gyttja. 
Water 1 meter deep. 
0—4.41 meters. Greenish-brown gyttja with much 
plant matter, 
4.41-5.10 meters, Light-brown organic matter, hardly 
gyttja, rests on pinkish-gray sand without organic 
matter. 


Water 4.66 meters deep. 


O-1.5 meters. Gray sand and silt with much plant 
matter in top half. 
Water 6 meters deep. 
0—8.9 meters. Greenish-brown gyttja. 
Water 6 meters deep. ^ 
0-4.5 meters. Greenish-brown gyttja. 
Water 5.66 meters deep. 
0—4.8 meters.  Greenish-gray or greenish-brown 
gyttja. ` 
Water 5 meters deep. 
Bottom medium grained gray — 
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Range 4 ' 
No.16. Water 4 meters deep. 
Bottom medium grained, gray sand with some organic 
matter. $ 
'. No. 17. Water 6 meters deep. 
0—8.9 meters. Greenish-gray gyttja. 
No. 18. Water 6 meters deep. 
0—4.28 meters. Greenish-gray gyttja with some plant 
fiber at the depth of 8.15 meters. 
No.19. Water 6 meters deep. 
= 0—4.5 meters. Greenish gray to greenish-brown gyttja. 
No, 20. Water 6.48 meters deep. . 
0—1.68 meters. Greenish-gray gyttja resting on about 
a half meter of gray sand beneath which is pinkish- 
gray sand without organic matter. 


\ J 


. Range 5 
No. 21. Depth of water 4.5 meters. 

0—1.8 meters. Greenish-gray gyttja with much plant 
matter and sand, rests.on pinkish-gray sand and 
silt. 

No. 22. Water 5.66 meters deep. 
0—4.2 meters. Greenish-gray gyttja. 
No. 28. Water 6.88 meters deep. 
. 0—4.5 meters. Greenish-gray gyttja. 
No.24. Water 6 meters. deep. 
0—4 meters. Greenish-gray gyttja. 


^ 


No. 25. Water 5-meters deep. 
0—.75 meter. Greenish-gray gyttja vidi some — 
Rests on about a third of a meter of gray sand with 
organic matter which in turn rests on pini gray 
sand without organic matter. 


Tabulation of the depth of water and the thickness of the 
organic-rich sediments gives results as follows. The plus sign 
indicates that the total thickness of the sediments is not known 
in that the complete thickness was not penetrated by the sam- 
pler. Reference to the map of Fig. 5 shows that the stations 
where the organic sediments were not penetrated generally rep- 
resent the central as well as the deeper parts of the present 
basin and presumably the deepest water was found at station 
20, but the organic-rich sediments at the place have a thickness 
of only 1.68 meters. The greatest determined thickness of the 
organic sediments was found at station 10 with 5.9 meters with 
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the water only a meter deep. This pae evidently een a 
deep hole in the original basin. 


Taste 7. Thickness of sediments as shown by spud sampling. 


Station Depth of water : Thickness of organic sediments . 
1 0.6 meters 0.8 meters 
2 2.5 ZEE | 2.5 

. 8 8.0 5.04 
4 4.0 8.8 
5 20 0.0 
6 2.1 2.1 
T 5.0 8.15.1. 
8 5.0 4.85.1. 
9 4.2 4.92.1. 
10 1.0 5.9 
11 4.66 1.5 
12 6.0 894. 
18 6.0 454 
14 5.66 4.84. 
15 50 , 0.0 
16 40 —— 0.0 
17 6.0 8.94. 
18 6.0 4.284. 
19’ 6.0 454 
20 6.48 1.68 
21 4.5 1.8 
22 5.66 4.24. 
23° 6.88 4.54. 
24 ' 8.0 4.04. 
25 b.0 0.75 


The characters of the sediments in the core samples are given 
below. The stations of acquirement are shown in Fig. 5. 

Core A. Was taken at the depth of water of one-third 
meter and the core extended into sediments to the depth of 1.8 
meters. 

Core B. Acquired in water of depth of 2.94 meters. Gyttja 
was present in the core to depth of 0.6 meter.. Peat lay below 
this to the thickness of 0.86 meter. This had pinkish-green 
gyttja below. The total thickness of the organic sediments was 
4.3 meters with an unknown thickness below. 

Core C. Core C was acquired in water of 5.2 meters depth. 
Gyttja extended to the depth of 3.6 meters and the sampler 
penetrated an additional 0.86 meter in peat. 

Core D. The water at the place of acquirement was 5.7 
meters deep and the gyttja was penetrated to the depth of 5.7 
meters without reaching to the bottom of this form of sediment. 

Core E. This core was taken where the water was 6.06 
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meters deep. The — Was — to the depth of '3. 6 
meters without reaching bottom. 

Chemical analyses of the sediments of the cores was not 
made as it was felt that these would not be greatly different 
from those of Nebish, Grassy, or Little Long Lake. Neither 
were mechanical analyses of the sediments of the cores made 
88 the results seemed yon from the — of view of 
sedimentation. 

Ether extracts made of the sediments of the cores and the 
Ekman samples from the positions of the cores gave the results 
shown in 'T'able 8. 


TABLE 8. Ether extracts of the samples of the cores and Ekman 
samples at the places of the cores. The letters BC indicate bottom 
of core. 


- Number of sample. Each l 
represents 1 foot of depth. CoreB CoreC CoreD CoreE CoreF 


Ekman 0.41% 0.64% 0.60% 0.50% 0.84% 
1 0.41 0.14 — m 0.20 
2 0.41 044 £1.01 e. - 0,98 
3 0.12 0.56 e. . OBT 0.86 
4 0.20 s — 0.72 
5 0.90 0.27 0.51 0.54 
6 0.50 0.48 1.07 MM (0.28 
7 1.01 1.18 0.44 de 0.40 
8 0.16 0.58 0.29 Se 0.82 
9 0.77 0.40 0.89 0.62 

10 0.47 — 0.88 0.82 

Ib 1.25 022BC  0.4BC- 024 

12 1.15BC 0.8TBC 0.27 

'18 .. i: | ' 0.44 

Average ~ QBI 0.41 0.48 046 0.44 


The ether extracts average 0.47 per cent of the dry weight 
of the sediments which is equivalent to only 9.4 pounds of oily 
matter per ton. 'The range is from 2.4 pounds per ton in core 
B8 to 25 pounds per ton in B11. There seems to be no trend 
in the distmbution, except the highest yields in core B were 
' found in the lowest part of the core and such is also the case in 
core C. 'There is no doubt that extraction by means of 
destructive distillation would have yielded a larger quantity 
of oily matter. 


[To be Continued.] 
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THE SPECIES CONCEPT IN PETROLOGY. 
| S. J. SHAND. 
ABSTRACT. The species concept was introduced into petrology by Lin- 


naeus. In the I9th century the preoccupation of'naturalists with the orlgin 
of species fostered a pseudo-biological attitude toward petrogenesis, which 


regulted in the theory of spontaneous magmatic differentiation. The sub- : 


sequent development of physical chemistry -has thrown new light on the 
subject, but petrographers continue to think in terms of natural species 
and their supposed affinities. A science which is concerned with phase 
reactions and shifting equilibria in a chemical system can no longer permit 
itself to be hampered by traditional nune ill-defined species, and obsolete 
genetic theories. 


I the history of petrology we may recognize four signi- 
ficant periods, defined with some latitude by the dates 1770, 
1820, 1860, and 1910. These may be characterized as the 
Linmaean period, the period of analytical chemistry, the 
pseudo-Darwinian period, and the period of physical chemistry. 

The year.1770 records the tenth edition of the Systema 
Naturae of Linnaeus. In this famous work Linnaeus applied 
to minerals and rocks the same device of classes, order 8, genera, 
and species that he used for living things. In the kingdom 
Minerae, for example, and in the class Petrae, order Aggregata, 
we find the genus Sarum with many species such as these: 


Saxum impalpabile, striis punctis maculisque sparsis spatosis. 
Specific name, porphyrius. 

Saxum impalpabile schistum subcalcarium, fragmentis rhombicis. 
Specific name, trapp. 

Saxum spatosum quartzosum micaceumque rufescens. 
Specific name, granites. 


The merit of the Linnaean system, as applied to plants, lay 
in the demonstration that species possess fixed characters which 
are capable of precise definition. By extending to rocks a 
system of classification and a set of terms that were originally 
devised for plants, Linnaeus fostered the idea that rocks 
too possess fixed characters which can be determined by simple 
inspection. But the Linnaean or natural history method of 
classification has a fundamental weakness which was pointed 
out by Whewell in these words: 


The natural history classifiers, in studying the external char- 
acters of bodies, take for granted that they can, without any 
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other light, discover the relative value and importance of these 


characters. The grouping of species into a genus, of genera ' 


into an order, according to the method. of this school, proceeds 
by no definite rules but by a latent talent of appreciation— 
a Sort of classifying instinct. 


The classifying instinct which served Linnaeus so well in the 
case of plants, failed him completely when he applied it to 
rocks.. The explanation is simple: before one. can form a useful 
classification of a set of objects he must know enough about 
them -to be able to distinguish important characters from 


 unimportant ; and neither Linnaeus nor any of his contem- 


poraries had more than a superficial knowledge of rocks. 
Although the Linnaean classification of rocks has long been 


forgotten, the concept of rock-species survives to this day. 


Petrographers still erect new species (or types, as many prefer 


to call them) with little more than a classifying instinct as 
- their guide. This seems an appropriate moment to recall the 
criticism of Van Hise, who wrote in 1899 that 


The method of petrographers in proposing names, so far 
as any method is discoverable, is to give an independent name 
to each rock which is slightly different from any previous rock 
found, withont reference to any definite plan of nomenclature. 

á 


To say that rock names represent types, not species, is just 


| . "quibbling. A type is the pattern of a group, and a group of 


objects having common characteristics 18 a species. 


i 


In the first half of the 19th century the science of mineralogy 


made spectacular advances at the hands of Berzelius, Mitscher- 
lich, and other brilliant chemists. It was natural that rocks 
as well as minerals should attract their attention. Abich, 
Bunsen, Delesse, Kjerulf, Rammelsberg, Streng, and their 
students made many bulk analyses of rocks, and from the ana- 
lytical data they computed atomic ratios, oxygen quotients, 


and even tentative chemical formulae. ‘This was a radical : 


departure from the method of Linnaeus, and one may fairly 
say that at this time the study of rocks had passed from the 
hands of the naturalists into those of the chemists. Bischofs 
Chemical Geology (1847) contains many analyses of rocks, 
and in 1861 Justus Roth published a compilation of more than 
900 analyses, mostly of eruptive rocks. But out of all this 
work there came no proposal for & chemical classification of 
rocks, other than mere arithmetical arrangements based on 
silica percentages and the oxygen quotient. 
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The — of petrology might have been very different if this 
enthusiasm for chemistry had been joined with adequate. micro- 
scopical work. The microscope had been used for some time, 
but only to study polished surfaces and crushed grains. The 
first thin sections of rocks were made by Nicol about 1880, 
but Nicol's technique did not become generally known till thirty 
years later. By this delay a great opportunity was lost. 
After the discovery of the aniline dyes by Perkin in 1856, the 
attention of the majority of chemists was diverted from the 
mineral field to the new and wonderful field of synthetic organic 
chemistry, with its rich commercial possibilities. All the com- 
mon minerals had already been analyzed; new minerals were 
rarely discovered; and Justus Roth had clearly indicated his 
disbelief in the possibility of making further advances by the 
chemical analysis of rocks. To many chemists it must have 
seemed that mineral chemistry was worked out. Except in; 
France, the synthesis of minerals and rocks fell into abeyance. | 

At this time Charles Darwin was at the height of his power, 
and was teaching the fascinating doctrine of evolution and the 
origin of species (1859). The new ideas had a tremendous 
attraction for students of natural history, and Roth has 
recorded that there was among geologists “eine vorherrschende 
Neigung für Paläontologie.” ‘So it came about that the awak- 
ening science of petrology, abandoned by its chemical nurse- 
maid, was left in the hands of a generation of geologists whose 
training as well as their interest tended more toward biology 
than chemistry. It is not surprising that they should have 
looked at rocks with the eyes of Linnaeus rather than Bunsen; 
that they should have seen “natural species” among rocks as 
Linnaeus had done; and should have tried to erect "genetic 
trees" for them in imitation of Darwin. The species concept 
‘came to life again, and the link with chemistry was broken. 

These pseudo-Darwinian ideas found their fullest expression 
in the doctrine of “magmatische Spaltung" (magmatic differ- ' 
entiation) introduced by Rosenbusch in 1890. According to 
this. teaching, a homogeneous primordial magma gives rise by 
a spontaneous process of E to a series of chemically 
distinct secondary magmas,' each of which, upon its intrusion | 
into the higher levels of the earth-crust, undergoes a further 

1“Man wird unter Spaltung den spontanen Zerfall eines chemisch gleich- 


artigen Gesammtmagmas in zwel oder mehrere chemisch differente Theil- 
magmen verstehen mussen." 
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spontaneous differentiation, once or oftener, until all the 
recognized species of eruptive rocks have been generated. (Ros- 
enbusch did not use the word species but Gesteinstypus, which 
has the same meaning.) In this *spontaneous splitting of the 
magma" there is something reminiscent of the old biological 
fallacy of spontaneous generation. 

Belief 1n the existence of natural types or species led inevi- 
tably to the search for new species. Zirkel in 1898 indexed 
189 single-word names of specific character. Rosenbusch in 
1907 listed 304 such names. In 1935, 'Tróger recorded 684 
of these specialized names, and at the time of writing the 
number has swelled to nearly 700, besides many compound 
names. . i | 

The authors of these names have seldom observed the warning 
which Linnaeus gave to botanists 1n 1758: 


I béseech all sane botanists to avoid most religiously ever 
proposing a trivial name without a sufficient specific distinc- 
tion, lest the science should fall into its former barbarism. 


.. One need only glance through a compendium of rock names 
(Kemp, or Holmes, or Tróger) to see that rock types or species 
have been set up on the most indefinite, trivial, and fanciful ' 
grounds. Few indeed of the nearly 700 types show the “suf- 
ficient specific distinction" that Linnaeus demanded.. 
. The species concept has not only imposed on us a plague of 
unjustified and largely unintelligible rock names,” but the 
search for “affinities” between one species and another has 
played havoc with all attempts at a logical classification of 
rocks. Examples of the absurdities into which petrographers 
have been led by the search for “affinities” are not hard to find. 
A South African geologist, confronted some forty years ago 
with a rock which seemed to contain both nepheline and hyper- 
sthene in a granophyric groundmass, was led to speculate thus: 


[The rock]shows perhaps a certain affinity to the nepheline 
syenites, which are known to occur in connection with the 
same general igneous series with which this rock is associated, 
while the high proportion of micropegmatite allies it to the, 


? Every petrologist who has racked his brain to remember the meaning 
of bekinkinite or tsingtauite, leeuwfonteinite or uncompahgrite, will appre- 
ciate the humor of Gevers and Dunne who said in a recent paper that they 
had “refrained from coining.new names such as isandhlundhluite and 
umkandandhluite" for certain granodioritic rocks in Natal. 
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finer-grained. varieties of the Busliveld granite; the hyper- 
sthene, on the other hand, tending to connect it with the norites. 


Rosenbusch himself was guilty of similar absurdities, for . 
example, in his discussion of the systematic position of mon- 
zonite, which he compared in turn with the alkali-syenites, the 
alkali-lime syenites, and the essexites. While admitting the 
presence of abundant plagioclase along with the orthoclase in 
this rock, he claimed that it. would be inadmissible to connect 
monzonite with banatite and adamellite because to do só would 
.* “obscure the natural relationships of the rock.” Observing 
that the dominant dark mineral in monzonite is a diopsidic 
pyroxene, he ruled that this is “without significance in deter- 
mining the natural position of the rock." Having in this 
arbitrary way excluded all evidence unfavorable to his view, 
Rosenbusch concluded that monzonite is an alkali-syenite. - In 
this as in many other sections of his great work it stands out 
clearly that Rosenbusch was guided by a “classifying instinct” 
which could override any consideration of mineralogy or chem- 
istry. His petrogenetic ideas owe more to the influence of Lin- 
naeus and Darwin than to the meticulous chemical studies of 
Berzelius, Bischof, Bunsen, and Roth. 

Rosenbusch’s attitude toward chemistry is clearly indicated 
by passages such as the following: 


Es lässt sich keineswegs in allen Füllen aus der Analyse 
eines Granites oder Syenites erkennen, ob ein Glied der foyai- 
tischen oder der granito-dioritischen Gesteinsreihe vorliegt. 

Wollte man jeden alkalireichen, an CaO und MgO armen 
Granit einen Alkaligranit nennen, wie es stellenweise geschieht, 
so würde man zerreissen was die Natur verbunden hat und 
sich an dem Geiste der Geologie versündigen. 


In short, if chemistry does not fall into line with the 
classifying instinct, so much the worse for chemistry! 

' Meanwhile great advances were being made by chemists in 

the study of solutions. Guthrie in 1875 established the.nature 

of eutectic mixtures, and Gibbs announced the phase rule in 

1876. These events seem to have passed unnoticed by contem- 
porary petrographers, for it was not til 1888 that Teall 


“Man verkennt die natürliche Verwandschaft und geologische, Zusam- 
mengebdrigkeit, wenn man eine Reihe Monronit-Banatit-Adamellit aufstellt.” 


Aw. Journ. Scr.—Vor. 242, No. 1, January, 1944. 
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made the suggestion that graphic intergrowths such as micro- 
pegmatite may be eutectic mixtures, and not till 1901 that 
Becker suggested a classification of rocks on an eutectic basis. 
Certainly the new discoveries had no effect on systematic 
-petrography, which was dominated more and more completely 
by Rosenbusch and' his doctrine of natural affinities. The 
strictly objective classification of Ferdinand Zirkel was driven 
into the background. New specific names were coined on the 
slenderest grounds. Almost every petrographic thesis 
announced the discovery of a new rock type. 

But glimpses of a new petrology enlightened by physical 
chemistry were now to be seen. J. H..L. Vogt began in 1884 
a great series of studies on slags which Jed him more and more 
to look at rocks in the light of the laws of solution. Iddings: 
in 1892 and Harker in 1896 discussed the chemistry of rock 
formation in essays of a tentative character. Vogts Sili- ' 
katschmelxlósungen appeared in 1908, his Kristallisationsfolge - 
in Eruptivgesteinen in 1906, and Doelter's Petrogenesis in the 
same year. In all these publications the physico-chemica] 
approach was used. Spontancous differentiation of the magma 
is ignored, and rock species and natura] affinities are scarcely 
mentioned. Instead, eutectic ratios, fractional crystallization, 
rate of diffusion, corrosion and assimilation, and other purely 
physical and chemical considerations form the subject of dis- 
cussion. In 1910 the new ideas were consolidated in Harker’s 
Natural History of Igneous Rocks and in the first volume of 
Iddings’ Igneous Rocks. 

By the year 1910 it should have been clear to everybody 
that petrology had found its place among the sciences, and 
that that place lay in the domain of physical chemistry. But 
petrographers in general showed no awareness of this and car- 
ried on their activities exactly as before. Between 1910 and 
1942 no less than 223 new specific names were coined to indi- 
cate “new types, ” most of which have no better justification 
than the species set up by Linnaeus in 1770. 

It is true that a revolt against Rosenbuschian petrography 
began in 1908 with the appearance of the Norm classification. 
This was a forward step in so far as it emphasized the impor- 
tance of chemistry, but a backward step inasmuch as analytical 
instead of physical chemistry formed the basis of classifica- 
tion. It was a fundamental error to suppose that a chemical 
system can be discussed in terms of its components alone. 
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without regard to the phases. . Since 1910 more than twenty 
other schemes of classification have been proposed, and almost 
all of them ignore physical chemistry as if the authors had 
never heard of such a thing. One might think that the petrog- 
raphers and the geochemists of this period had lived i in differ- 
ent worlds. — 

What is the object of classification? According to Mill it is 


To provide that things shall be thought of in such groups, 
and these groups in such an-order, as will best conduce to 
the remembrance and to the ascertainment of their laws. 


It follows that the classification of a set of objects must keep 
pace with the understanding of them. When a new law is dis- 
covered or an old belief disproved, the classification must be 
modified accordingly. Heresis the root of our trouble; there 
is a lag of some eighty years between the science of petrology 
and the classification of rocks. It has been urged against this 
view that the Linnaean classification of plants has needed no 
modification for 200 years. But the reason why the Linnaean 
system has endured so long is that Linnaeus began by making 
an exhaustive study of the characters of plants in order to 
assess their relative importance. There had been other classi- 
fications before his time, but he rejected all of them and began 
afresh. 

No such careful evaluation of characters preceded the gen- 
erally accepted mineralogical classification of rocks. It just 
grew up, like a cairn on a hilltop to which every climber adds 
a stone as his contribution. Petrography at the present time 
is in just such a chaotic state as botany before the time of 
Linnaeus. The'remedy is the same: to discard existing systems 
and begin afresh by deciding which characters are important’ 
and which less important in the light of the physical chemistry 
of rock formation. The first step must be the realization that - 
the species concept of Linnaeus and the classifying instinct 
of Rosenbusch have led us astray. There are no natural spe- . 
cies (call them types or what you will) among rocks except 
such as are indicated and defined by physical chemistry. A 
classifying instinct is not of the slightest use in solving chem- 
ical problems. "Ergo, most of our specific names must be 
scrapped, and the tangled web of “natural affinities” along with 
them. 

If we are — to regard a rock-magma as a chemical 
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system (and what else can we do?) then we must classify rocks 
as we do other chemical systems; that is, with regard only to 
components, phases, and cooling-history. Petrology is a his- 
torical science, but its family tree is a chemical flow-sheet. 

Does this mean that petrology must be taken out of the 
hands of geologists? By no means. Geological evidence is 
. indispensable for interpreting the cooling-history of a: rock. 
The magma is a chemical system; but it is an open system, 
not a closed one such as chemists have chiefly studied. In the 
cooling ‘of the system many things have happened, such as 
reaction with the wall rocks; separation of crystalline phases 
by sinking or flotation ; rapid changes of temperature, pressure, 
and environment; loss:of fugitive constituents; and only the 
. geologist working in the field can furnish direct evidence of 
these changing conditions. Petrology cannot afford to relax . 
its ties with field geology; on the contrary, geological observa- 
. tion and chemical theory need to be correlated more closely 
than ever in order to decipher the cooling history of & rock 
mass; But a petrology that is concerned with phase reactions 
and shifting equilibria can no longer be hampered by tradi- 
tional names, ill-defined species, and dubious genetic theories. 


^ ,Petrologists must free themselves from the chains of the species 


. concept and the domination of the classifying instinct. 
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General Physics; by Oswarnp Brackwoop. Pp. viii, 622; 524 
figs. New York, 1948 (John Wiley and Sons, $8.75).—The book 
is a college text designed for introductory courses. It reproduces 
many of the features of the author's earlier "Introductory College 
Physics,” but has a greater number of illustrations and problems. 
New materia] on modern physics has been added and many: of the 
older subjects have been brought up to date. 

It is impossible for a reviewer to pronounce judgment as to the 
- quality of an elementary text without first using it in class. I have 
used Blackwood’s former book and found it very satisfactory. The 
present volume appears to be an improvement on the old; it would 
therefore seem to hold great promise as an unusually thoughtful and 
teachable textbook on the freshman and sophomore level. The book 
does net employ calculus. HENRY MARGENAD, 


Treatment of Experimental Data; by Agcuig G, Worrarne and 
JOSEPH GEFFNER. Pp. ix, 842. New York, 1948 (John Wiley and 
Sons, $4.60).—The book departs from the usual treatments of 
adjustment of data and theory of errors in several important and 
noteworthy respects. First, it is not so much an orthodox sys- 
tematic development of the work in these fields, but a lucid and 
most readable presentation of useful procedures flavored and 
annotated by the authors, handled with a degree of ‘skill that can 
come only from wide experience in actively applying and teaching 
the subject. Second, the treatment abounds with well chosen mod- 
ern examples whith alleviate the learning of rules. Last, but not | 
least, the book impresses by the frankness and adroitness with 
which the authors call attention to common mistakes and fallacies 
to which experimenters are prone. Their willingness to devote 
considerable attention to such shortcomings and to guide the experi- 
menter by giving practical hints ‘and detailed advice are among the 
features which make the book wholesome and commendable. 

The degree of difficulty is such that the text can be read with 
ense by students who have mastered the calculus. Considerable 
effort is devoted to simplification of mathematical matters, and the 
point of view of the experimenter is maintained throughout. As to 
contenis, considerable space is given to the representation of data 
by tables, graphs; and equations. Numerical and graphical methods 
of differentiation and integration are treated. The discussion of 
Fourier series, the Gaussian frequency distribution, and the usual 
theory of errors forms the central part of the book, and the method 
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of least squares is emplaced by numerous examples and problems. 
' Of. interest to physicists and chemists should .be the chapter on cor- 
relations which, though useful, is not often stressed in books of this 
sort. An appendix contains a simple treatment of determinants; 
-easily readable and helpful to the uninitiated. 

. The authors’ feeling, expressed in the preface, that the book has 
a worthwhile message for physicists, chemists and engineers seems ` 
well substantiated to this reviewer. HENRY MARGENAU. 


. Practical Physics; by M.-W. Wurrzg, Editor; K. V. MANNING, 
R. L. Weser, R. O. ConuzTT, and others. Pp. x, 365; many figs. 
Pennsylvania State College Industrial Series. New York, 1948 
- (McGraw-Hill Book Co. $2.50).—-The book is an elementary, prac- 
tical, and abbreviated text in introductory general physics at the 
freshman level, that meets a pressing and specific need created 
under wartime conditions by streamlined courses, shortened hours, 
and special service-group and adult training courses. Primary 
emphasis is placed upon-the basic principles of those portions of 
physics that are of immediate, practical use in war industry, tech- - 
- nical work, and the Armed Sérvices. 

The order in which the various topics are treated is somewhat 
unorthodox. After an introduction on units, measurements and 
`, errors, the book discusses temperature and various thermal phenom- 
ena, then leads the reader via the properties of solids into meteor- 


— ology. After this it takes up some problems of mechanics. One 


quarter of the book is devoted to electricity. All of acoustics and 
optics is compressed into 58 pages. 
The book appeals through the clarity and suggestiveness of its 
diagrams. Its discourse never fails to be lucid and to the point. 
HENRY MARGENAU. 


CHEMISTRY. 


Bibliography of References to the Literature on the Minor Ele-.. A 
„ments. Fourth Supplement to the Third Edition. Originally com- `“. 


-piled by L. G. Willis. Pp. 1 -92. New York, 1948 (Chilean Nitrate 
Educational Bureau).—This is the fourth supplement to the third 
edition. | emen botanical and author indexes are included. 
GEORGE M. MURPHY. 


General organic Chemistry; by M. CawwNoN SNEAD and 
J. Lewis Mavnann:, ' Pp. xviii, 1166; 180 fgs., 189 tables. New 
York, 1942. (D.. Van Nostrand Co., Inc., $4.60).—Although writ- 
ten as a text ‘for an ‘elementary — course, the size of the 
. book indicates. that ES cannot be covered in the usual tinie available. 
Nevertheless, a good student should be pleased to have material for 
further reading and reference. The teacher also is giyén greater ' 


{, 


‘ 
QUÀ E 
i 


ME 


EK 


latitude in his doie of the contents of the course. The conven- 


tional physical chemistry, such as ionization theory and the chap-: 


"ters on the chemistry of. individual elements are well written; 
modern and quite complete. More unusual is the appearance of 
chapters on coordination compounds, colloids, radioactivity, alloys ` 
and other intermetallic compounds, these topics being often slighted 
in elementary courses. The book therefore is unique in its field. 
This fact together with.its general excellence and its low ‘ost 
indicates that it will be very useful to many chemists. 
^ d m GEORGE M. MURPHY. 
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Minerals in: World Affairs; by T. S. Poo Pp. ix, 894; 40 


illustrations. (Prentice-Hall, Inc., $4.00).— This is a book of timely 
interest since, as the author points out, mineral production has been 
instrumental in determining the course of history many times in 
the past and promises to be of increasing importance in the future. 
Particular attention is given to the following topics: factors which 
determine national power; economics of the mineral industries; the 
part'played by minerals in history; the geology and geography of 
important minerals and their trade movements and volume; the 
influence of minerals in shaping recent. events; and the outlook for 


the future. ' Discussion of the important industrial minerals covers” l 


their uses, substitutes, technology, geology, and important sources.. 
Numerous tables of production figures are included. as well as maps ` 
showing important localities. 


The author has assembled in this volume an excellent account be D 


the róle played by minerals in world affairs. It is largely written 


in non-technical terms, and will be of value not only to economic E 


geologists but to students in many other fields. GEORGE SWITZER. 
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', Regional Geography of Anglo- -Aínerica; by C. Lanapon Warre. 


“and Epwin J. Foscue. Pp. xxii, 898, 287 figs. New York, 1948 < 


Préntice-Hall, $4. 75) —Geographers:: - are ‘still far from benz 
agreed as to just what geography. is is. ..By no means all would . 
agree with Professors White and’ E ogcüe^ when they say “that 
geography is concerned with naturé,. physical and biological, only 
if.it provides an environment for man, and it-is coheerned with man 
only in'his relation with nature." This definition: of. g graphy.’ ‘pro- 
vides no place for any such thing as plant’ or “animal” "geography. 
In attempting to support it and to show. the importarles « of regional 


geography, the authors have made the first part: of helt” 900-page - 


book so argumentative or purely historical that: itis" ‘not’ so profitable 
for Pu as y aan well be. 
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+ The real meat of the book. begins with Chapter 4. From that 
point onward, the definition and the argument make no difference. . 
The authors give us a good, straightforward account of the geo-'. 
graphic regions of North America, with plenty of interesting facts, 
a good many which have not been commonly: known hitherto. 
Some sections such as the account of the crowding of oil wells; 
orchards and cities into southern California are extremely well done. 
In most sections of the book each region is treated with an unusual 
degree of attention to the “physical setting," the historical devel-: 
opment and the "outlook." 
Any one section, when read by itself, is quite interesting. When 
succéssive sections are read .at short intervals, however, one gets 
the feeling that there is a great deal of repetition, or at least of 
^" monotony. This arises partly from the fact that where so many 
regions are described, there must be many similarities. It arises 
also from the fact that almost the same outline has been used for 
a large part of the chapters. The introductory part is variously 
labelled as "physiography," "physical setting," "physical appear- 
ance," "terrain," and "appearance," but all of these are much the 
same. “The outlook," generally is that “the region has been and 
will continue to be . . . important," but some “problem regions” such 
as the Appalachian Uplands are recognized. | 
. As in most first editions there are mistakes. On page 714, for 
example, the temperature graph for Los Angeles is 10° too low. 
There are also many statements which are open to question. For 
example (page 289), when the Cotton Belt was first settled did 
the colonists think “they were in a tropical country where it was 
assumed that white men could do no physical labor"? And is it 
correct to say that for this reason "Charleston and Savannah became 
great slave-importing cities"? Such statements stimulate thought,- 
but need to be elaborated, or expressed more tentatively. On the 
whole, however, this is a, good book but it needs to be corrected and 
abbreviated. ; a 
i ELLSWORTH HUNTINGTON, 
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THE MODE OF PRESERVATION OF PLANT 
FOSSILS AND ITS BEARING UPON THE ' 
PROBLEM OF COAL FORMATION. 


A. KRYSHTOFOVICH. 


ABSTRACT. Critical study of isolated plant fossils can throw light on 
problems of coal formation which are difficult to solve by a direct attack 
on coal itself. In the individual plant fragment, such as a limb or a leaf 
embedded in matrix, we can infer the original distribution of different 
types of plant tissue and may be able to determine what has happened 
to each since burial, but in coal the residue of diverse types of plant tissue * 
are mixed in a confused mass. This paper discusses some of the special 
types of plant preservation that throw light on the alteration of plant 
tissues into coal.  ' 


INTRODUCTION. 


HE study of fossil plants has as its aim the seine of 
L such theoretical problems as the phylogeny of the vege- 
table kingdom and the restoration of past landscapes and 
climates of the Earth, and it also serves the practical needs 
of determining the stratigraphical relations of rock formations 
and the correlation of beds, especially those bearing coal seams. 
Here, as elsewhere, even the most theoretical considerations 
commonly turn out to be a reliable basis for practical 
objectives. 
The work of recent decades has shown that the thorough 
examination and utilization of caustobioliths (combustible 
“sediment) requires knowledge of the regime under which accu- 


“mulation and diagenesis, (anthracolithization) of the plant NO 


2 material took place during the whole process of coal making. 
"Thus far, the fundamental ‘problems are still unsolved as 
' to what types of plant tissue are principally responsible for 
making the coal seams, and what kinds of differences in the - 
original plant material have resulted in the diversity of final 
products such as peat; brown coal, lignite, bituminous coal, jet, 
boghead coal, etc. Until now there has been an indecisive 
struggle between theories which would attribute a predominant . 
rôle to lignine (Fischer-Schrader), to cellulose oe 
"E Jour. Sct.—Vot. 242, No. 2, FEBRUARY, 1944, . 
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¿to proteins — to ois and: sapropelitic-humic matter 
(Stadnikor, ‘Bertrand). The indecisive state of^the question 
' certainly depends to a large degree upon a lack of balance in 
_ Investigation, inadequate methods, and a preponderant use of 
speculation instead of thorough examination of the actual 
materials. 

The impetus vidis -was given by Marie Stopes (1919) to 
. the examination of the coal mass and. its components (fusite, 
durite, clarite, and vitrite) has resulted in a vast literature 
during the last score of years and has created a new branch of 
‘coal science—the so-called petrography of coal. 

During the last twenty-five years, M. D. Zalessky has been - 
a leader in working along this line in Soviet Russia, joined 
somewhat later by G. Zhemchuzhnikov, and they have a school 
of followers including Z..V. Ergolskaya, A. A. Luber, O. F. 
Gracheva, I. E. Waltz, E. S. Korzhenevskaya, S. N. Naumova, 
etc. However, until now, this rather one-sided study of the 
components and ingredients of coal has proved to be inade- 
_ quate for a definite solution of the problems of coal making, 
and we observe a continuous growth of more and more new 
hypotheses, equally inadequate and indefinite (Terres, Duparc, 
Stadnikov, Mackenzie-Taylor, etc.), most of them based upon 
inadequate study of actual material. 

This may be due in part to the fact that in a coal seam 
we observe its principal and minor components after they have 
. already undergone a prolonged, or at any rate, a ‘bistadial 

alteration: 1) the primary one—before, during, and just 
. after accumulation of the vegetable material, and before its 
- burial or any diastrophic influence; and 2) the secondary 
alteration—a result of rock pressure, temperature, time, and 
other factors of diastrophism, including dynamic and regional 


.- phenomena, which may be repeated several times. These 


secondary changes largely obliterate most of the significant 
initial features involved in coal making, such as the nature and 
properties of the primordial plant matter (lignine, cellulose, 
, humic matter, etc.), the condition of autochthonous or alloch- 
thonous accumulation, the róle of water during the process, etc. 
1 This should be called anthracography, for it has nothing to do with 
petrography, which has as its aim the study of the minerals composing 
the rocks, whereas the examination of coal has to do with discerning its: 


form elements and materials of different composition, most of which are 
' not real minerals. 
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Our difficulty would be greatly alleviated if we'could seléct 
for study some isolated plant object, such as a shodt, a twig, 
a leaf, a stalk, a fruit, or.a seed, for then we could be sure 
of the origina] distribution and the nature of.the several plant 
. tissues. We can easily imagine, for example, that the sur- 
_ face of a shoot was covered with cuticle and epiderm, or with 
cork, below which in regular order were distributed respective 
tissués such as parenchym, floem, xylem, pith, etc., each with 
its appropriate chemical composition. In addition, it would 
include such ingredients as resin, wax, oil, silica, and calcium 
oxalate crystals, and even sugar and starch. The regular 
distribution of these tissues, each with its distinct chemical 
composition in every individual plant body, makes clear their 
relation to the outer medium (water, mud, sand, etc.), showing 
decidedly whether they actually touched this external medium: 
or were buried in the depth of plant tissues. Sometimes it was 
not the covering or external tissues that were in contact with 
the sediments but some inner ones, either along a longitudinal 
split or a transverse fracture, or when the plant fragment 
' was already decorticated during transportation. The lith- 
ologic character of the enclosing rock and the composition of 
its fossil flora and fauna bear witness as to the medium and the 
- environment in which deposition as well as the alteration of 
certain of the plant tissues was taking place. Just such an 
example is presented by jet. Since we can easily restore 
the conditions on the sea floor where the piece of wood was 
deposited and where it later was changed into this peculiar 
. variety, we are able to indicate its history and the reasons 
for the bitúminization of the wood, though possibly not all 
of the details are sufficiently clear. There are important 
advantages to such study of individual plant bodies as a basis 
for comparison with the plant stuff accumulated in a coal seam. 

However, the individual plant bodies, having undergone 
alteration from their primordial status, do not always appear 
quite comprehensible with respect to their morphology and 
consequently their systematic position. Indeed, the exact 
identification of the fossil plants becomes successful when 
we know exactly with what part of a plant we are dealing 
and what alteration it has undergone. Only then are we able 
to restore the habitus of the whole plant or even of the parts 
in question. Sometimes, even when the plant preservation 
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‘seems to be perfect, ; it 18 most difficult to” restore the organiza- 
tion.of such comparatively’ simple structures. as hollow shoots 
of the equisetans, with their appendages. Equally difficult 
to comprehend are some cases in which: massive plant: bodies, 
such as trunks, twigs, large seeds or fruits; have been 
replaced by sandy or silty rock so that they form casts, more 
or less exactly preserving the ‘outlines but without any direct 
or true mineralization of the plant tissue. It is still more 
difficult to trace the origin and comprehend the nature of some 
plant: remains known as "impressions" which are really com- :. 
plicated structures. 

.. In general, too little has been done to establish the delicate 

details of the process of fossilization, largely owing to the fact 

that fossilization has been imagined to be quite simple, not 

requiring any special examination. ‘This paper has as its 

aim to give some hints toward. the actual examination of 

the detailed processes of plant fossilization in order to settle - 
some of the cardinal points in the process of coal making. 

. Let us turn now to an analysis of different kinds of, plant 

remains and some of the problems needing solution. First 
the plant remains should be classified according to their mode 

of preservation. Then the problems most needing examination 

should be reviewed. ~. 


MODE OF PLANT PRESERVATION. 


There exist three principal ways or modes of plant preserva- 
tion in the fossil state, as follows: 


A. Phytoleims or mummified plants. , This ‘form is produced 
when the original carbohydrates, their related materials, and 
their derivatives (cellulose, lignine, cutine, suberine, pectine; | 
, etc.) are partly or entirely altered into D NH JUNO carbon. or rarely 
` into carbon (graphite). y 
' Isolated phytoleims sometimes preserve the shape and out- 
liné while only traces of the cellular structure are discernible, 
| or they may have only the most delicate parts decayed, or 
.in the case of subfassils, such as the Tertiary and Quater- 
. “nary seeds, fruits, cones, wood, etc., they may retain the 
cellular structure quite intact. As components of coal or as 
lignitized stems and twigs, the phytoleims often retain their 
cellular structure perfectly preserved.  Phytoleims, or mummi- 
fied plants, UEM B. ny — aler preted though it is 
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still not quite cleat why some plant particles are fusainized while 
- others are turned'into vitrite or táké the form of jet. F 
B. Petrified plants.” 4 This is a.case in which the plant object. 
is chemically altered.or mineralized, being changed throughout 
into mineral matter ,of any sort (silica, calcium or iron car- 
bonate, limonite, etc.). 'The cellular structure in these cases 
is well or even perfectly preserved, often without any deforma- 
tion of the plant tissues or the cell walls. The ‘cell cavities 
are generally filled with mineral matter, mostly différing in 
color from that of.the cell walls. There arise many ques- 
tions concerning the state of the original cell walls, the means 
of their petrifaction, and the filling of the cavities, as well as 
concerning the starting point and the rapidity of the 
petrifaction. | 

C. Plant impressions and substitutions. Simple plant impres- 
sions may be formed where a plant or tts parts have been 
included with the mineral deposits during sedimentation, or 
where they have been intruded subsequently, as in the case of 
roots growing into the sediment, or heavy fruits or seeds 
falling from a tree and embedding themselves in the sediment 
(Rhizophora!). In the case of true impressions only a nega- 
tive cast of the object is left on the bedding plane or on 
random surfaces, in case the plant object was introduced after 
deposition or in case it was projecting up from the BOO SO 
that the — settled around it. 


PHYTOLEIMS. 


As phytoleims (gurov — plant + Aciyua — remain) shall be 
considered all plant fossils, in which an original plant tissue 
or a plant organ whether of the nature of a carbohydrate 
' or even of shells as in the case of the diatoms, skeletons of 
Silicoflagellata, or Siphoneae verticillatae are preserved with: 
only slight alteration or a transformation of its material but 
without any exchange for. mineral matter, that is, without 
any posthumous petrifaction or ‘mineralization. Such phy- 
toleims are commonly found as residua, only the most resistant 
parts being preserved. Examples are the famous Tovarkovo , 
cuticles of the Moscow coal basin, or the cuticular. sheaths’ of 
Devonian Psilophyta of Bazzas, Siberia (Orestovia sp., for- 
merly described as Himanthaliopsis), which compose a peculiar 
kind of liptobiolite—the so- -called tomite, 
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In these cases as well as in the recent discovery of won- 


derfully préserved Triassic plahts (Prynada). in the Bogo- 
= Slovsky Mine in the Urals, only a superficial layer of the 


plant body remains preserved in spite of the very considerable 
size of the remains—full size leaves of Czekanowskia, Podoza- 
mites, large parts of those of Thinnfeldia, thick shoots of 
Orestovia. The less resistant and at the same time more 
internal parts of the plants, including xylem and sclerenchym, 


. are fully destroyed or changed into a dark structureless matter. 


To this group belong some of the “impressions”. that follow 
the bedding planes and in which a coaly film is preserved. 
These are rather phytoleims than impressions in spite of the . 
fact that some trace or impressions of the plant may also be 
left on the rock. In some cases more organic matter is left, 


as, for example, the veins of leaves in some Tertiary fossils, 


shells or crusts of some Quaternary, Tertiary, and even earlier 
nuts and other fruits and seeds, as well as spores, pollen 
grains, and other discernible remains in peat, brown coal, etc., 
where there may also be preserved some lignine, cellulose, and: : 
even resin, gummi, etc. In some instances massive phytoleims 
have their structure excellently preserved throughout. These 
are mostly the xylem of lignitized or anthracolithized stems, 
and some of these are of huge size (up to 2 meters in diameter 
at Chiderty, in Kazakhstan). 


PETRIFACTIONR. 


.True petrifications are plant remains where the original 
carbonic plant matter is intimately replaced more or less post- 
humously by mineral matter and by a penetration of silica or 
carbonates into the interstitial tissue. Shells or skeletal 
remains, such as those of the diatoms, Siphoneae verticillatae 


“and Lithothamnsa, which result from the accumulation of 


mineral' matter during the life processes of the plant and in 
which -the mineral matter merely encrusts the outside of the 
plants without penetrating into the tissue and into the cell walls 
themselves are not petrifactions but encrustations and there- 
fore belong rather with the “plant impressions," though hav- 


| ing some peculiarities. Perhaps they should be referred to a 


special order of plant remains. ; 
The most interesting problem is to determine what part 
of the original plant matter is usually left during petrifac- 
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tion, as in mineralized wood, eval balls, etc. Does the lignine, 
cellulose, or any of their derivatives remain inside the petri- 
faction, and can they be set free by some manipulation, or 
are those compounds replaced by mineral matter molecule 
by molecule? Actual observations along this line are quite 
scarce. Dr. M. Stopes-once reported that after dissolving a 
block of petrified wood in hydrofluoric acid, she found a 
residue of soft organic matter. Neither microscopic examina- 
tion of the matter nor chemical analysis was made and the 
experiment seems to be an isolated one. However, in the pro- 
cess of bleaching a polished surface of a coal ball or any 
other petrifaction, soft plant matter tends to be superficially 


freed from the mineral matter so that it can be transferred to ^ 


the object glass for examination. 

In order to establish the nature of the process of petrifac- 
tion (into silica, carbonate, etc.) it is necessary to carry 
on a series of expériments with solvents and a further study 
of the residua to be left. Such studies should be carried out 
on large blocks as well as on microscope slides. Operations 
with hydrofluoric acid which necessitate the use of paraffin 
or ebonite jars are rather cumbersome but nevertheless are 
easily manageable in any laboratory. After the mineral 
matter has been dissolved and traces of acid washed out, the 
plant residua should be studied under the microscope and in 
thin sections, and also analyzed chemically, to determine the 
composition and the state of the organic mass. This should 
„also be studied by means of microchemical reactions. 


PLANT IMPRESSIONS. 


This is the widest field for investigation for. the true nature 
of most of the varieties of this category of fossils is still 
scarcely known. Most of them actually represent not merely 
an impression but some very complicated combination of | 
impressions with some other form of preservation, such as 
crustifications, phytoleims, internal molds, and partial petri- 
factions. It is necessary to distinguish in this category 
between the remains of flat objects such as leaves and scales, 
and those of massive. ones such as fruits, seeds, blocks of 
wood, or entire stems, roots, petioles, etc. 

A. . Flat objects (mostly leaves). As the simplest case of. 
this mode of preservation may be taken a leaf embedded on a 
layer of clay or shale and thus leaving impressions of both 
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its sides upon the respective planes ,of sedimentation of the 
rock. These impressions theoretically represent the’lower and 
upper surfaces of the leaf and become visible whér the rock 
is split open along the bedding plane. However, ity order that 
these impressions may be seen, the original leaf or its phyto- 
leim or coaly film must be entirely decayed and removed, leav- 
. ing only a laminar cavity. Such impressions may be produced 
artificially by pressing some plastic material such as clay 
7 against a leaf or fern frond. Excellent impressions of this 
-kind are produced by pressing a lead plate against a leaf or 
an entire herbarium specimen (the so-called “selbabdruck- 
process”). Using such a plate we can reproduce wonderful 
positive impressions of leaves with all their veins, exceeding 
the most perfect photographs. By such a process were repro- 
duced the plates in the famous work of C. Ettingshausen, “Die > 
Blattskelette der Dicotyledonen” (1861). 

But undoubtedly such a simple way of making plant impres- 
sions is really quite rare. Usually when a specimen bearing a 
leaf is split along the latter, we can observe a coaly film 
more or less closely adhering to one surface, while the counter- 
part is free of any organic matter. Commonly this film 
can be easily removed, either entire or as a coály powder | 
by a needle or a brush. If the film is highly anthracolithized 
(graphitized), as in Carboniferous or older fossils, it can 
be removed by chemical means (Schultze solution, etc.). Fur- 
thermore, on the counterpart may be detected an impression 
of the side of the Jeaf opposite that represented on the first 
plate which was covered by a phytoleim. Therefore, actually 
‘only one piece of such a fossil can be regarded as an impres- 
sion, while the other represents a phytoleim covering an impres- 
‘sion. - Finally, the two counterparts of “leaf impressions” 
really seldom represent the upper and lower surfaces of a 
' leaf. Sometimes the laminar cavity, being left after decay 
of the plant matter, is filled with some mineral solutions, pro- 
ducing there a cast of the leaf. 

Certainly simple mechanical leaf impressions are only rarely 
to be met. This is clearly proved by the fact that some leaves 
buried in coarse-grained sandstone produce on the rock excel- 
lent “impressions” where the minutest details are perfectly 
, visible, although the sand grains are much larger than the 
details of the pattern reproduced and where we can some- 
times discern under the microscope even the cell structures, 
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stomata, etc. The plant remains of the Paleocene and Eocene 
flora of the Ukraine, the Volga, and the South Urals are char- 
acterized by: Such preservation. On specimens of a grass, 
Poacttes bucephals Krysht., from the Upper Cretaceous or the 
Tertiary of Turkestan there is distinctly shown the delicate 
superficial pattern of the leaves and leaf-sheaths, with the 
cell boundaries, stomata, and scales of silica. 

' One important fact shows further the unsatisfactory state 
of our knowledge concerning the true nature of plant remains . 
usually considered as impressions. It is that, not uncommonly, 
the counterpart of an impression is not a coaly film or phy- 
toleim nor the impression of the other side of the leaf but 
a negative impression of the same side. Such occurrences long 
ago attracted the attention of paleobotanists, and several witty 
explanations were advanced, among them one by the eminent 
French explorer, G. Saporta. He suggested that a leaf had 
settled on the bottom ooze or a wet surface of sediment and 
produced there an impression on the sediment, and that later 
it was.blown away by the wind or carried away by.current, and 
the impression of its under side was covered by a layer of 
sediment which thus formed & negative impression of the orig- 
inal under surface of the leaf. Certainly this explanation is 
too far-fetched for such a case to happen frequently. 

Commonly, as on the sandy and ferruginous rocks—such as 
those of the Tertiary flora of the Aral region, Kazakhstan—the 
impressions are more or less differentiated from the rock itself 
by their coloring, having diverse tinges of pink, red, crimson, 
brown, buff, yellow, or olive color. Even if this color could be . 
explained as due to the adsorption of matter by buried and 
decaying leaf, we can by no means attach to this phenomenon 
merely the coloring effect. Most naturally the delicate pre- 
cipitate falling out of solution upon the object envelops the ` 
plant body and encrusts it, reproducing a negative cast of the ' 
object on the lower surface of the encrustation. This phenom- 
enon can be observed on a, more considerable scale in some 
roots, such as those of Phragmites, where it produces a hard 
tubular sheath which contains distinct impressions of the 
outer surface of the original object. 

Some objects of plant origin represent a puzzle previously 
difficult to solve. They are called “demi-relief” or “halbseitiger 
Abguss” and represent, when the specimen-is split open, on one - 
surface of the rock an impression and on the other a counter- 
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part or negative of the same. When such an object is more or 
less massive, for instance a-twig or & cone, we observe on one 
surface a concave impression (a negative of the object), while 
on the counterpart we see a positive repetition of the same. 
The peculiar feature of this case is that the convex impression 
is strictly one-sided, that is, we cannot trace the hinder side 
of the object by carving out the rock. It is & simple relief ' 
or a one-sided image, just a swell above the surface of the rock 
plate (Brachyphyllum gractle Brongn., from the Upper Juras- 
‘sic of Cirin, France, as shown by Hirmer in 1927, Handbuch 
der Paláobotanik, p. 18, fig. 4; Nymphaea dumasii Sap., from 
the Oligocene of Alais, France, ibid., p. 12, fig. 3). A common 
explanation of such demi-relief 1s given as follows. It is sug- 
gested that the rock or solidified mud, with the fossil inside, 
18 gradually washed away just to the surface of the concave 

impression: ‘Then a new deposition of soft matter, ooze or 
silt, fills the cavity below and produces a demi-relief plant 
fossil. Certainly in this case the convex impression always 
should be on the hanging wall of the rock, and that is hardly 
the case. Some have suggested that after the decay of the . 
plant object the hanging wall or covering layer of the rock 
' was pressed down into the matrix already existing, but such 
interpretations, although rather ingenious, are too. artificial 
and spectalized to explain a common phenomenon. There are 
too many of these demi-relief fossils to admit the possibility 
of so many coincidences, and Doctor Hirmer is inclined to 
reject them, suggesting at the same time another possible 
origin, namely, that during life the calcareous film formed as 
a crust on. one surface of the object. It is well known, for 
example, that a calcareous film sometimes envelops. the leaves 
of Potamogeton, Helodea, and the lower surface of leaves of 
Nymphaea, etc. Doctor Hirmer attaches great importance to 
this idea but does not enter into any detail. 

- I shall try to give more natural explanations of the curious 
phenomenon and some intricate cases of leaf impressions, 
wherein we observe a negative impression of a leaf and: the 
counterpart of the former or a positive of a leaf on the oppo- 
site surface of the specimen. It is well known that the dead 
or fallen leaves, twigs, fruits, etc., resting and slowly decay- 
ing in the hard or muddy water of lakes and pools, or even 
of streams, are soon enveloped by a thin film that.is at first 
easily removed by rubbing with a finger. The decomposition 
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of the — matter un the emission of CO, and other gases, 
causes chemical precipitation and makes the'clay particles. 
coagulate on the surface of the plant. In this precipitation ^. 
iron carbonate and calcium carbonate play an important rile. 
Being deposited on the leaf surface, or upon any surface of 
any plant object, this precipitation produces a thin crust 
reproducing the finest detail of the surface pattern of the 
object.’ The details surely are reproduced negatively on the 
inner or lower side of the crust deposited, but during the 
initial stage when this film is still very thin, these features 
are equally but positively reproduced on the upper surface 


of the crust, just as such details could be reproduced by the ` 


galvanoplastic process. ‘Therefore, I propose to call this pro- 
cess of fossilization petroplastic, and the delicate film, a pri- - 
mary or initial crust. Tf this crust grows thicker, its lower 
surface preserves.its primordial condition, while upon the outer 
surface the features of the object beneath gradually are obliter- 
ated as the crust grows. These final stages we can observe in 
travertines where minute plant particles, are wholly enveloped 
with a thick crust bordering a cavity as a remnant of the 
former vegetable object which had been destroyed long before 
the travertine was finally made. Of course this cavity may be . 
filled again with calcareous deposition from the circulating 
solution, but usually such a process is not accomplished, 
because inside the cavity there remains no focus which could 
cause the precipitation. It is quite possible that during this 
process of encrustation the mineral matter somewhat pene- 
trates into the upper layer of a leaf or other plant object, 
partly petrifying it. When split open, such & specimen dis- 
closes a negative impression upon one plate of rock and a 
positive on the counterpart. The latter one is represented 
either by an upper surface of the film in question or by a 
petrified surface of the leaf itself. The negative impression 
then could be made either by sediment upon the upper surface 
of the crust or by the lower surface of the crust itself, depend- 
ing upon the position i in which the split has passed. . 

In some 'lertiary sandstones of the Ukraine, the Volga 
region, and the Urals, we can easily observe that small plant 
particles buried in the quartz sandstone are really petrified 
a8 thin branches, petioles, small thick leàves, etc., as is proved 
by making thin slides of the rock (Paleocene of mola Lake 
near Cheliabinsk, Siberia). Accepting such a method of 
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making some leaf “impressions,” we can easily explain many 


difficulties unavoidable under any other theory. However, it is 


quite certain that in this process different sides of a leaf behave 


‘differently. For instance, if the leaf was flatly lying upon the 


mud or the sandy .bottom of a basin, even being partly 
embedded in the mud, the lower surface of the leaf behaves 
differently and is more intimately fused with the substratum, 
not producing any clear impression on and not giving place 
to a crust-making. ‘The crust, on the contrary, is formed 
on the open or upper surface of the leaf. 

In order to prove decidedly the validity of this process 
and the existence of the mineral film,-and possibly an intimate 
superficial mineralization.of the object, it is necessary to carry 
out some actual investigations of different types of plant 
remains by making transverse thin sections, chemical analyses, 
etc., as well as by intimate studies of the minute pattern and 
the relief of such objects, as, for example, the live leaves of 
Quercus, Laurus, Cimnamorniwm, etc., for a comparison with 
the relief of the fossil specimens. Special attention should be 
paid to the examination of the first stages of making mineral 
or muddy crusts upon the plant debris decaying in stagnant 


‘water. The same processes are responsible for producing casts 


or impressions of bulky or massive objects of plant origin as 
is shown below. 

B. Massive objects. When a massive plant object is in- 
cluded in muddy sediment, which later on turns into rock, and 
if the plant turns into coal or is petrified without any con- 
siderable change in original size, then on the adhering surface 
of the enclosing rock there is reproduced an exact impression 
of the external surface of the object, a purely mechanical 
mold in the simplest cases. If the object happens to have a 


- cavity easily accessible for penetration by the mud and sand 


' either during life or post mortem, such as the hollows of the 


stems of Calamites, the inner space of a nut, etc., it becomes 
filled with the same mud or sand, and the filling (core) does 
not differ afterwards in its color from the surrounding rock. 
When the matrix and the core are solidified, the object 
itself may degenerate into an insignificant coaly remnant or 
may be destroyed altogether, leaving just & cavity in the rock 
instead of the former plant object. If the rock is not plastic, 
the cavity may remain open indefinitely, otherwise it may be 
filled gradually with some mineral mass (calcite, chalcedony, 
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— quae, etc.), making a cast or a core of — inner cavity ' 
without any cell structure. Sometimes on the wall of such a 
cast there is a thin coaly film but its thickness in no way 
corresponds to the original object. Otherwise the object may 
not decay but be preserved in a petrified condition with all 
of its form. These conditions are quite simple to understand. 
Much more intricate are the cases when & massive object is 
completely replaced in the same rock which surrounds the 
specimen (mud, silt, or sand), sometimes with & coaly film or 
a mineral crust representing a thin, really petrified layer of . 
the object itself. 

Though it is quite easy to suggest how the sediments enter 
into a cavity, it is very difficult to imagine how a massive 
object being included in the half-liquid or viscous mud could 
be replaced by a surrounding mass without a decrease or with 
a slight change of its volume and shape, producing at.the same 
time an impression of its surface on the embedded rock. It is 
necessary to point out that on the sea or lake bottom the mud. . 
particles are especially apt to penetrate through infinitely 
small interstices and to fill, in this manner, all cavities in 
the object buried. on the bottom. 

It is well known that all compartments of wrecked vessels 
lying on the sea bottom are completely filled with mud, which 
always has to be removed before the raising of the ship. , Even 
such a tightly closed device as a watch, after a couple of years 
in the bottom mud, will be filled with the finest mud. This pene- 
tration of the mud particles into the object is especially aided 
when some processes of decay are going on. The convection 
currents which arise in these conditions produce permanent cir- 
culation of the finest suspended particles and assist their pene- 
tration inside the body in question by any possible channel. 
Each fissure becomes instantly filled with ooze, which moves 
farther inside just as the cell walls or such tissues as medullary 
parenchyma are more or less disorganized and give way to the 
mud particles. In this way the plant body, having produced 
at the beginning of the burying process its external impression, 
' becomes more or less substituted by minute particles of mineral ` 
partly chemically deposited. It is certain that some parts of 
the plant mass may undergo true petrifaction. In order to 
establish this process, such substitutions should be thoroughly 
investigated under the microscope as in thin slides. We should 
not expect to discover there any well-preserved tissues but 
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surély some trace of cellular structure should be discovered, if 
some portions of the original body have- undergone direct . 
 müner&lization. Thus, some traces of cells were reported even 
` in such early objects as the Proterozoic algae Newlandia and 
Camasia (Knowlton, Plants of the Past, pp. 41-48). 

One peculiar feature should be pointed out in the specimens 
preserved as rock substitution.. It is a coaly or mineral film 
just on.the boundary of the including rock and the buried 
object, very often being preserved as a demi-relief not sepa- 
rated sharply in its base from the enclosing rock. It is very 
remarkable that in these cases only a very thin coaly or 
siliceous film remains of the massive stems of conifers and 
` calamites, while the remaining or inner part of the plant body, 
often more or less considerably flattened, is replaced by rock 
particles as an entire isolated specimen or as a demi-relief 
fused at the base with the enclosing rock. It is evident that 
the most superficial layer of the object (being a stem, a fruit, | 
or & seed), which stands in immediate contact with the outer 
medium, rapidly undergoes some petrifaction, turning into a. 
sihceous film, or suffers anthracolithization, while the inner 
parts of the plant body are subjected to further and even 
final decomposition in & more anaerobic condition, during 
which process the body is gradually replaced by the surround- 
ing rock, which intrudes into all the weak portions along the 
channels of slight resistance. If the lower surface or the. 
" base of the object is immersed into a mud, the decomposition 
process catches there also the superficial layer, destroying in 
this way the boundary between the object and the embedded : 
rock or ooze. By these means an origin of a true demi-relief 
is easily comprehensible. 'The making of coaly or mineral film 
depends on different conditions. 

In such substitutions and demi-relief formations, there is 
also observed a considerable change in the shape and the vol- 
ume of the original plant body, though sometimes they undergo 
no alteration (this case is to be discussed below and depends 
chiefly upon the kind of pressure within the rock or sediment, 
which can be either one-sided or hydrostatic). After fossil- 
ization, trunks or limbs of trees often become quite flattened, 
with a coaly or mineral crust (mostly siliceous) around them or 
upon one side (the upper one?), with rough traces of the woody 
- fabric, such as annual rings, medullary rays, etc., upon the 
surfaces that were split open before the object was buried in 
the sediment. 
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Some — could give hints-as to the processes ünder- 
gone in these cases. For example, if the coaly film upon the 
substituted specimen belongs to an equisetacean, it is evident 
that only the more resistant tissues were preserved, such as 
the cuticular surface layer or the thin-walled xylem cylinder, 
while other tissues were.undoubtedly destroyed. However, 
when we deal with a massive trunk of cordite or a coniferous 
tree, where the whole mass of the woody cylinder was equally 
solid, the preservation of a thin superficial coaly layer could 
not be attributed to the properties of the tissue itself but 
must be due to the intricate method of fossilization in which 
the outer layers have undergone an influence different from 
that of the inner parts. In some instances this process resulted 
in petrifaction of the superficial layer, and in others 1t reduced 
| it to a carbonized condition. 


CHANGE IN THE SHAPE AND VOLUME OF FOSSIL PLANT OBJECTS. 


It is easy to note that massive plant bodies, whether pre- 
served as phytoleims or replacements or even just cavities, 
show great variation with respect to the degree to which they 
retain their original size and shape. Some of them preserve 
perfectly the original shape and dimensions, while others are 
considerably flattened, compressed, or otherwise changed. It 
is remarkable that some cylindrical, globular, or ellipsoidal 
cavities left-in the rock by decomposed roots, shoots, or fruits 
(as in the Paleogene sands of the Ukraine), very often remain 
quite intact and hollow in a quartz-like sandstone which surely 
was at one time buried to a considerable depth, while similar 


objects in other places, in sandstone or shale, are variously ` 


deformed, compressed, flattened, or even turned into & thin 
crust or & film. Such deformation and flattening is usually 
observed even though the object has been buried to insignificant 
depth below the surface in recent peat bogs. 

A plant body such as a piece of trunk, or a fruit, soaked 
with water and submerged to the bottom or into the bottom 
ooze, does not endure any stress pressure but only the hydro- 
static pressure on the outside which is balanced by the inner 
. pressure in the object impregnated with water. Therefore, 
until conditions are changed, there is no reason why the object 
should change its shape even if it were covered by a bed of 


— 


sediment. If the bed or the rock later on loses its water while. 


the particlés remain loose and mobile, the condition is changed 
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and there arises vertical or stress pressure having a tendency 


_to compress or flatten the object, which process is alleviated 


by the loss of some of the volatile matter of the object. 


However, if the sediment turning into rock is cemented at 
an early stage it loses its plasticity at moderate pressure, 
the plant remains, or even a cavity left after its decomposition 
will remain intact. The cavities remain open, especially in 
quartz sandstone, where the plant debris was buried partly 
under aeolian conditions and where the sand soon became solidi- - 
fied under the influence of a hot or warm climate with alter- 
nations of dry and wet seasons. A cavity in this case can be 
followed by some precipitation of mineral matter producing a - 
core or a cast. Such cavities could arise epigenetically in the 


- rocks by means of the envelopment of growing roots, which 


have a strong sheath, and preserving on its inner surface minute 
details of the surface pattern of the former plant remains which 
is soon decomposed. Otherwise, if the plant object remains, it 
can form either a phytoleim or a petrifaction.. 

If the rock remains more or less plastic, giving up its water, 
it puts the plant inclusion under stress pressure, whereby the 
latter easily gives way and is deformed, while the more resistant 
petrified objects preserve their shape without alteration uniess | 


influenced later by more vigorous tectonic movements. 


Sometimes the plant remnant passes successively through 
several transformations of different character, due'to change 
in environment and the operating forces. Several processes 
of fossilization can act upon a massive object either at the 
same time or In successive stages during a lapse of time. We 
know several. cases wherein the outer layer of a trunk was 
turned into bright coal while the inner part was quite silicified 
(the Mesozoic of the Far East). 

These wonderful phenomena till now had not attracted suff- 
cient attention and had not been studied enough in order to 


' develop the causes of these various types of fossilization 


thfough making clear the processes which will shed light upon 
the destiny of the different plant tissues during fossilization 


" and will accelerate solving the problem of the mother substance 


of coal. 

Truly these investigations are very complicated ünd neces- - 
sitate many studies with intricate techniques, where a botanist, 
a bacteriologist, and a chemist should join in detailed studies 
of the living, the dead, and fossilized plant stuff in various - 
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states and in diverse conditions. - Howe these investigations 
are quite worth carrying on on a considerable scale, for their 
results are no less promising than the well-known work of 
Marie Stopes (1919) on the four coal ingredients, done during 
the coal shortage of the first World War, when. responsible 
circles were desperately struggling for the most economic Ways 
. of dealing with coal. 

Naturally the solving of the problem concerns not oniy the 
coals but all kinds of CENE LOO OUN NGAE them POIR 


- 
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ABSTRACT. The Newspaper Rock (“Pictograph”) sandstone (Chinle: 
Upper Triassic) of the Petrified Forest National Monument, Arizona, yields | 
& new type of limuloid trail (Kouphichnium arizonas Caster, new form) 
which is interesting for the perfection of the xiphosurous track detail; for 
exhibiting in the holotype trail two variations of the ectognath Imprint, 


either of which in the past would have been the basis for correlating the 


trail with a bipedal vertebrate; and finally, for establishing quite certainly 
the direction in which the track-maker progressed,—a matter of previous 
. divergent opinion. The presence of the Xiphosura in the Chinle poses 
ecologie problems not hitherto considered in evaluating these purportedly 
wholly continental deposits. 


| INTRODUOTION. 


ETEROPOD — are known from the record of nearly 
half a billion years (Cambrian to Recent), and are 
troublesome Problematica ‘always. In recent years we have 
grown sufficiently familiar with the ichnology of existing organ- 
isms somewhat more satisfactorily to tackle the solution. The 
new Upper Triassic trails herein described are important evi- 
dence for the xiphosurar interpretation of one type of very 
ancient heteropod trail. These spoor are at the same time a 
synthesis of three kinds of. track evidence, each of which in 
other years would probably have been evaluated as attributable 
to the Vertebrata. In fact, the new trails had been informally 
identified 1n this manner when first seen by the writer. 

Mr. Howard Stagner, Park Naturalist (1989) at the Petri- 
fied Forest National Monument, called our attention to the 
trails on exhibition with Triassic vertebrate material in the 
Monument Museum. Through Mr. Stagner’s kindnéss and 
coöperation, permission was secured from the National Park 
Service to borrow the trails for study in Cincinnati. He also 
generously provided stratigraphic data and searched with some 
success for additional materials. Stagner’s description of the 
stratigraphy of the Newspaper Rock sandstone appears under 
" his name in Daugherty's (1941) monograph on the Upper 
Triassic Flora of Arizona. 
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In order to, present the clarifying data to be gleaned from 
the new Triassic trails, it seems advisable first briefly to sum- 
marize our knowledge of this general type of trail. Although 
formerly assigned to vertebrates, in the last few years trails 
such as this have been more successfully correlated with king © 
crabs. The belated solution of the Problematica is due to the 
great variability of limulid trails, on the one hand, and general . 
ignorance of their ichnology, on the other. Probably no organ- 
isms capable of making a trail of more than one kind of foot- 
prints, makes more mutable and misleading records than the 
Limulida. Their perplexing register goes back to early Paleo- 
zoic times, and out of it has grown a truly amazing lore. 

In those few instances where limulid cadavers occur in the 
same beds as the trails, (e.g., the remains of Protolimulus Wil- 
lams (1885) and Packard’s (1900) Merostomichnstes trails 


occur together in the Upper Devonian of the Penn-York 


Embayment), or at the end of a “death-march” after the man- 
ner of the common occurrence of Limulus walchi in the Soln- 
hofen Jurassic (Walther, 1904), the spoor have been, almost 
inescapably, rightly correlated. But, curiously, because such 
trails were accepted as limulid on the prima facte evidence of 
association, they were seldom, if ever, until recently, closely 
analyzed. Consequently, a.surprising number of trails virtu- - 


-ally identical to those associated with remains, but without 


direct carcass connection, have been interpreted, on the basis of 
first impression, and often with great pains and ingenuity, as 
vestiges of vertebrates, . 
Briefly to pursue this curious oversight with a few exam- 
ples,—we find thousands of tracks and trails in the Solnhofen 
Plattenkalke all showing the same details as those which lead 
to dead crabs; yet, for three-quarters of a century these have 
been known under the name Kouphichnium (Oppel, 1862) and 
in all that time on only one occasion has a single specimen of 
the trails been correlated with the crab that made it (Abel, 
1935). Even this trail, which preserves the very outline of the 
carapace, was relegated for half a century to the vertebrates! 
Kouphachnsum has through the years been attributed by a long 
list of most eminent paleontologists to pterodactyls, bipedal 
dinosaurs, ancient birds and jumping mammals. Jaekel (1929) 
divided the Solnhofen spoor into four groupings, all of which he 
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thought were made either by Archaeopteryx and Archaeornis or 
by three still more ancient and otherwise unknown “Urvogel”. 
The Limulus features of these trails are so patent, when once 
those feature are understood, that it was really a very simple 
matter to make the necessary comparisons for establishing 
their relationship with the ubiquitous Limulus walcht of the ` 


- © Solnhofen deposits. It is more understandable that certain 


other limuloid trails, which occur in strata devoid of crab 
remains thus far, were at first misconstrued as evidence of - 
' tetrapods. The Upper Devonian trails in the Catskill beds of 
Pennsylvania, which Willard (1985) described as Paramphs- 
' bius, are of this ilk. The hypothetical track-maker of the 
Devonian made a rather plausible bridge between the fishes and 
the amphibians (“Ichthyopoda”) until the merostome possi- 
bilities of its spoor were investigated. The Triassic trails from 
New Jersey which Abel. (1926, 1985) called Micrichnus and 
Artiodactylus, perfectly typical limulid trails though they are, 
still offer fewer ecological difficulties when interpreted as birds, 
dinosaurs or split-clawed mammals, than they do, as what 
they are. 

The principal reason for the error in evaluating limulid 
trails is the curious toed aspect of the imprints made by the 
fifth pair of walking legs (ectognaths). The basic plan of 
Limulus ichnology has been generalized in a previous paper by 
the writer (1938, Fig. 5). In essence, the walking-trail com- 
prises forwardly-directed chevrons of ‘round holes or bifid 
imprints or scratches made by the anterior three or four pairs 
of simple supporting feet (endognaths). The endognathic 
chevrons are in alternation with the imprints of the fifth pair 
of feet (ectognaths) which are modified by four or five movable 
blades at the termination of the antepenult segment for the 
function of pushing the animal forward. See Text Fig. 1. 
Since the anterior four pairs of feet act more or less as a unit 
in alternation with the pushers, a sort of tetrapodal gait is 
achieved by the limulids, and heteropody characterizes the trail. 

The pusher has undergone minor evolutionary changes since 
it first appeared in the middle Paleozoic; there is also consid- 
erable ontogenetic modification of the organ which correlates 
rather well with the paleontologic changes (see Caster, 1988, 
Fig. 4). In addition to these biogenetic possibilities of varia- 
tion, thére is considerable variation in employment of the device 
at all stages. No matter what the variant, its track most strik- 
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Fig. 1. Diagram of an adult Limulus trail. This illustrates the contrast 
between reality and the vertebrate hypothesis! usually offered to account for 
such spoor. Solid arrow points the direction in which the crab walked; 
dash-line arrow shows the orientation necessary for the vertebrate inter- 
pretation. I-IV, successive steps or hitches of the king crab; 0-3, imprints 
of the four anterior pairs of simple feet (endognaths); the first pair (0) 
are seldom recorded; 4, tracks of the fifth pair of feet (ectognaths) or 
pushers. Figure 2 demonstrates the variations in ectognathic function and 
tracks. An analysis of Limulus locomotion is given as Fig. 5 in the writers 


1988' paper. 


1 In contrast to the limulid analysis of such a trail, we have the various 
vertebrate theories, all of which are perhaps epitomized by that of Wilfarth 
(1987). He accounted for the very similar Kouphichnium trail in the Soln- 
hofen Jurassic as follows: first, after a careful survey of vertebrate possi- 
bilities, he “imported” the American bipedal dinosaur, Ornitholestes, the 
only vertebrate known to him, as he said, precisely capable of making the 
trail. He imagined that the little dinosaur hobbled along by “trial and 
error"; sitting on its haunches at track III, it reached forward to position 7 
with its short dangling fore-feet and pressed its longest digits in the mud; 
this was apparently not far enough; it then lifted its arms, and spreading 
them a little further apart, implanted them further forward at position $; 
still not far enough; for a third time, it reached forward, with wider spread- 
Ing arms, to implant its middle digits at station $; only after this pre- 
liminary exploration did the dinosaur move forward by the wholly ingenuous 
device of using its implanted fore-feet and longest fingers in the manner 
of “crutches” by which to swing its hind-feet “through its arm-pits," thus 
to stand at last at the new position II; whereupon, the “trial and error? 
skirmish was renewed before the next “jump” was made! 
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i ingly simulates the hind-foot print of a vertebrate. Some of 
the best-known variations in the flabellar (pusher) imprint are 
shown, together with their mode of origin, in Text Fig. 2. As 





Fig. 2. Vertebrate-like tracks made by the pusher (flabellum) of the 
Xiphosura., In ali examples the crabs walked up the page. A. Imma- 
ture and ancestral Xiphosura; tracks made by. a flatly impressed five- 
bladed flabelium which was fully expanded; the fan makes an 180? with 
the underbent ectognath segments; a, Paramphibius condition in the Upper 
Devonian; first interpreted as a fish-amphibian (“Ichthyopod”); b, four or’ 
five-bladed pusher, likewise flatly imprinted; Permian tracks of this type 

. have been interpreted as the earliest bird tracks, and the rather similar 
Artiodactylus of the Triassic was interpreted as either mammal or reptile; 
c, immature flabellar imprint of a modern king crab; very similar to certain 
aspects of Kouphichnium of the Jurassic. B. Variations in the adult 
imprints of the limulid flabellum, the pusher being in these examples com- 
pletely inserted in the mud during the forward push; the blades make an 
angle of only 90°, or a little less, with the distal ectognath segments. a, 
vertically inserted blades; distal segments flat on the ground; some forward 
drag and distortion of the bottom upon withdrawal:of the blades prepara- 
tory to the next step; Mioriohnus from the Triassic end variations of 
Kouphichnium in the Jurassic are of this type; both were formerly inter- 
preted as vertebrate spoor; this type’ of track is commonly seen on modern 
beaches and very well shown in Micrichnus paleocenus Russell (1940) from 
the'Paskapoo Paleocene of Alberta: b, similarly inserted blade, but the 

_ semicircle of blades becoming forwardly concave to form a chevron-shape 
` insertion; considerable forward gouge formed at time of withdrawal; 

described as reptile and bird tracks from the Triassic and. Jurassic; cor- 
rectly identified in the Paleocene; o, still greater flexibility of the arc 
of the pusher to form chevrons of inverted quarter-circles; common today; 
described as ancient bird tracks (Ornichnites and Protornis) in the Soln- 
hofen Jurassic, This is the flabellar condition to be seen on the left side of 
the holotype of the new ` Triassic trail. ©. Incomplete semicircular 
imprints of flabellum; variants of B, a;.blades make legs than 90° angle 
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the legend of this figure indicates, many of these flabellar muta- : 
tions have been the basis for form-genera and species. Since 
in most instances: the ichnological categories correlate with 
morphologic differences of the known or unknown track-maker, : 
they are in a sense justified, and are often very useful. The 
fl&bellum originally contained five blades, but there has been a 
recurring tendency to lose one, thus changing the aspect from 
an asymmetrical semücircle, to a bipartite arrangement of 
parts. The angle made by the blades and the underbent ter- 
minal segments of the pushing leg decreases both paleontologi- 
cally and ontogenetically ; the amount of lateral or fanwise 
spread of the blades is another variable matter. 

Certain of the flabellar imprints create a tetrapod illusion 
when oriented in the limulid manner, as seen in Text Fig. 2, 
A and C, whilst others have such an aspect only when viewed 
in & contrary manner, as for example, Text Fig. 2, B. Since 
any adult Limulus or limulid can make both sorts of tracks at 
will, possibly with certain ecologic contingencies as determi- 
nants, and since these tracks are so very different in appear- 
ance, it is not surprising to find two form-genera of supposedly 
vertebrate ichnites in several of the limulid track localities. 
Text Fig. 2 illustrates many of these features and cites 
examples. 

In the holotype slab of the new trail from the Arizona 
Triassic, we find the interesting association of both types of 
trails in a single record. The right and left sides of this trail, 
if not associated as we see them here, would have been almost 
certainly assigned in former times to two different form-genera 
and species of vertebrate. Furthermore, the two genera would 
have been imagined to have walked in opposite directions. In 
other words, according to the seventy-five-year-old ichnological 
custom, the right side of the trail would have been viewed as 
made by an animal walking up Plate 1, whereas the left side 


with underbent terminal segments and are incompletely inserted so as to 
make a disjunct track; a, common condition today in rather soft mud; b, 
broadly expanded blades; after insertion the backward push distorts the 
mud so as to simulate a ‘sole-print of a vertebrate; terminal spine prints 
often obscure in this type of track; such tracks have been interpreted as 
mammalian; this is the condition to be seen on the right side of the new 
Triassic trail, plate 1; c, “tip-toe” track made by the vertically imbedded 
blades and the tip of ectognath; a somewhat rarer modern track; also 
known from the Newark Series and the Solnhofen beds. 
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— to-a  hesorhetiosl animal walking down the page! 
By the accident of uniting both sorts of perfectly normal adult 
Limulus tracks in one trail this holotype becomes a sort of 
minor “Rosetta stone” in heteropod ichnology. There is no 
question of, the limulid origin of the new trail, and it differs only 
in minor features from the famous ‘Kouphichnium trails of 
Limulus walchs in the Jurassic. Those minor features seem 
adequate, in view of the years separating the records, to war- 
rant a separate specific name for the Arizona trail. | 
— 
Kouphichnium arizonae Caster, new form. ^ ` 
Plate 1 | 


All details of this new trail are to be seen on the original and 
best (holotype) example of the spoor which is illustrated on 
Plate 1. This specimen is on exhibition in the Museum of the 
Petrified Forest National Monument, near Holbrook, Arizona. 
A rubber mold of the holotype slab is in the University of Cin- 
cinnati type collection (No. 24800), and plaster molds will be 
gladly furnished those who are interested. 

The type sandstone trail shows on either side of a nearly con- 
tinuous middle groove (telson drag-mark) six serial imprints 
of three pairs of endognathic limulid fee: and five serial repeti- 
tions of the ectognathic pushers. The average width of the 
trail is 65 mm. and of the endognathic portion only, about 35 
mm. The braces of tracks are about 85 mm. apart. The 
endognath imprints apparently correspond to tracks 1-3 of 
Text. Fig. 1; the ectognathic ones correspond to No. 4 in that 
figure. At the place marked “g” on the photograph, a single 


Plate 1 


Kouphichnium arizonas Caster, new form. A Limulus trail from the 
Upper Triassic of Arizona: Newspaper rock (“Pictograph”) sandstone 
member of the Chinle terrane. This holotype ‘slab came from the Blue 
Forest area of the Petrifled Forest National Monument, near Holbrook, 
Arizona. Type specimen in the Petrified Forest Museum. x1. 

Compare with the track diagram given as Text Figs. 1 and 2; as will 
be seen, the crab walked up the page, as indicated by the central solid 
arrow; the dash-line arrows indicate directions in which the hypothetical 
vertebrates have been assumed to walk in order to account for tracks such 
as seen on either the left or right side of the trail. The crab apparently 
careened to the left while walking diagonally up a sloping sand surface. 
G indicates a gouge made by the left cephalic epine during the precarious 
climb up the slope. 
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gouge: — is shown} ‘this apparehtlj corresponda to. the occa- 
sional mark left by the. geñal- -spines of modern Limulus. - (See 
‘Caster, 1938). The: ‘chevrons’ of- -simple tracks are unusual in. 
being mere slits, rather’ than’ the usual oval or bifid ectognath 
imprints. This, apparently: reflects backward and lateral push- 
ing or scratching with the simple feet and may correlate with 
the strenuous work of walking up.a sloping beach. By forcing - 
horseshoe crabs to walk up a sloping mud surface, somewhat 
comparable trails have been made experimentally. None of the 
Triassic trails show the bad nature of the endognaths, but is 
is not unusual. 

As we have already anticipated, the pusher tracks of the 
holotype slab are unique in their asymmetry. The tracks on 
the left side are normal for an adult walling crab. The con- 
dition is that shown diagrammatically in Text Fig. 2 B, c. 
‘The ones on the right are ordinanly made. by a half-walking, 
half-swimming crab, since they are what might be termed tip- 
toe" tracks which record only part of the flabellar anatomy. 
In this case the animal was apparently having a difficult 
passage up the sloping wet sand beach, and apparently pro- 
ceeded careening toward the left side, thus to leave the occa- 
sional record of its left cheek-spine, and always barely able to 
keep its right pusher functioning. The strand-line probably 
was parallel to a diagonal from the upper left to the lower 
right of the picture; the slope to the lower left. 

If the trail were symmetrical, with either type of pusher 
track duplicated to the exclusion of the other, the result would 
be very much like the Jurassic Kowphichniwm. In the new trail 
the chevons of simple imprints are much more obtuse than in 
the Jurassic ichnite. The “jump” of the Triassic crab is 
slightly greater than in the Jurassic one, and the flabellar legs. 
were apparently somewhat longer, for the pusher tracks are not 
superimposed upon the simple chevrons as they usually are in 
the Jurassic. It is doubtfulif more than three of the Jurassic 
simple feet ever left their imprint, whereas here we see ‘the 
regular record of four. Of the various mutations of the 
Solnhofen trail, those termed Ornichnites caudatwm by Jaekel 
(1929) show ectognath records most similar to the left side 
of the present one. Somewhat similar trails have been described 
by Russel (1940) from the Paskapoo Paleocene of Alberta 
under the name Micrichnus paleocenus, and recognized as limu- 
lid trails. Russell was wisely reluctant to propose a new form- 
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genus for his ichnites, and consequently referred them to Abel's 
Triassic form-genus, apparently not knowing of the true nature 
of the much more similar Jurassic Kouphtchniwm, to which the 


trails could with greater felicity be referred. The points of 


difference between the new Triassic trails and those from the 
Paskapoo are in details of the flabellar print,.as can be seen 
by reference to Text Fig. 2 B, a, and =he sparsity of endog- 
nathic imprints in the Paleocene trails. Most of the few simple 
imprints recorded show the bifid nature of the feet. Probably 
there was really very little change in the foot plan of the Limu- 
lids from Chinle to Paskapoo time, although there were undoubt- 
edly carapace changes of specific importance; however, those 
characters are yet to be discovered in both terranes. 

The only Triassic trails known to be limulid are those pre- 
viously mentioned in the Newark series of New Jersey, of - 
approximately the same age as the new ones. Both the 
Micrichnus and Arttodactylus forms of the Newark trails are 
much smaller and apparently reflect smaller adult crabs. They 
bear fewer simple imprints in alternation with the flabellar 
prints, and frequently show the terminal spines of the simple 
feet: The nature of the flabellar prints of the Newark crabs . 
is shown in Fig. 2. We seem to be dealing with clues to two 
distinct species of limulid in the North American Trias. Both 
need to be verified by actual remains. 

Occurrence.—According to data pal by Mr. Howard 
Stagner, the new trails occur only in the “Pictograph” (News- 


| paper Rock, Stagner, 1941) sandstone member, of the Upper 


Triassic, Chinle terrane, in the Blue Forest area of the Petri- 
fied Forest National Monument, near Holbrook, Arizona. This 


‘Is in Sec. 22, T. 18 N., R. 24 E. of the Petrified Forest topo- ' 


graphic quadrangle map. The. sandstone interfingers with the 
shale from which Daugherty (1941) szcured most of the 
excellent leaf imprints for his monograph. ,The sandstone is 
somewhat cross-bedded, and the tracks epparently occur on 
sloping foresets. Other tracks, none of which are comparable, 
and some of which are apparently of vertebrate origin, occur 
in the Newspaper Rock layer. 

The Triassic setting of the Chinle sandstone terrane appears 
to have been formed on a plains area not far removed from 
the Triassic embayment of the sea. The flora described by 
Daugherty (1941) and the vertebrates described by Camp 
(1930) seemingly indicate the same general setting which Camp 
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described as follows: “The Chinle ‘was presumably deposited 
on a great low-lying floodplain near the seacoast, traversed by 
slow-moving streams subject to occasional overflows and 


freshets, and interspersed with large swampy areas and shallow 
lakes with scattered stands of conifers on the higher ground.” 


With this picture of a low-lying coastal plain it is not diffi- | 


cult to think of the track-layers as a strand deposit on a dis- 
sected coast, perhaps merely a deposit formed in a deep embay- 
ment, or possibly during a temporary submergence of the 
coastal area. We need not even postulate wholly marine condi- 
tions, since crabs can live for long periods if subjected by 
urge or accident to brackish or even fresh water. 
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Part II. 


MUSKELLUNGE LAKE AND ITS SEDIMENTS. 


Muskellunge Lake has an area slightly exceeding 900 acres 
(919 acres) (Fig. 6). It has no definite outlet and only a 
few small inlets. The lake occupies a pit, or probably several 
connected pits, in a glacial outwash deposit. There are three 
small islands in the southwestern part of the lake and a long 
peninsula which is almost an island on the east end. The general 
shape is that of a crescent open to the southeast. The maxi- 
mum depth is 20.7 meters. This is found in a hole in the central 
part of the basin. The shore line has an approximate length 
of eight miles. The lake is almost entirely surrounded by 
second growth forest. Its relation to other lakes considered 
in this paper are shown in’ Fig. 1. 

The waters in Muskellunge Lake are soft and probably gen- 
erally oligotrophic. The pH has the approximate value of 7.3 
in the surface waters. It is somewhat less with depth. The 
bound carbon dioxide is 10 parts per million, the bound cal- 
cium 6.8 parts per million, and the bound magnesium 2 parts 
per million. ‘There is a small increase of calcium with depth. 
The content of silica on August 25, 1932, ranged from 0.6 
parts per million in the surface waters to 1.0 part per million 
at the depth of 19 meters; oxygen ranged from 8.0 parts per 
million in the surface waters to 0.2 part per million at the depth 
of 19 meters and carbon dioxide from 1.0 part per million in 
the surface waters to 21.5 parts per million at the depth of 
19 meters. Ferrous and ferric iron ranged respectively from 
nothing in the surface waters to 0.8 and 0.0 at the depth of 19 
meters (Juday, Birge, and Meloche, 1938). 

Ekman samples were collected in Muskellunge Lake from 129 
stations in 13 ranges (Fig. 6). Depending on position, the 
samples consist of sands and gyttja. The area enclosed by 
the dashed line of figure indicates the parts of the bottom over 
which the sediments consist of black to greenish or brownish 
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gray gyttja. No chemical analyses were made of the samples 
of gyttja as they seem to be similar to other gyttja sediments 
of the lakes of the region. There sediments are known to con- 
sist of more than 90 per cent water, and to have 50 or more 
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Fic. 6. Muskellunge Lake. The upper figure of the pairs represent the 
numbers of the station. The lower figure of the pairs, the depth at the 
Station. A topographic map has been made of the depths in the lake, 
but the contours of this map do not correspond to the depths found by 
Mr. McKelvey. The line marked x,x, is the approximate boundary between 
the sandy sediments and gyttja. It should be noticed that it ranges in 
depth from less than 8 to 20 meters. 


per cent organic matter. The solid materials in the gyttja con- 
sist of particles of plants, sponge spicules, diatom tests and | 
clay- to small sand-size inorganic detrital particles. The 
gyttja dries to a hard and tough, black or dark gray substance 
which breaks and is crushed with difficulty. It absorbs water 
very slowly and in many cases the dried gyttja will float on 
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water. The sediments between ‘the line indicated" by x, x, and 
the shores consist dominantly of.sands and larger particles 
although in some places there are accumulations of plant mat- 
ter. There is a narrow zone of graduation from sands to 
gyttjá. 

^ Many fish dwell in the lake and there are some shelled inver- 
tebrates. No remains of these organisms were found in the 
sediments. Erosion of the shores is active in many places and 
the shores are the immediate places of origin of most of the 
clastic sediments. Some dust probably settles from the atmos- — 
_phere. The organic sediments are produced in: the lake or | 
blown or drop from the surrounding vegetation. 

Colors of the sands range from light gray to greenish or 
brownish gray. ‘The most important mineral in the sands is 
quartz and it is thought that olivine may take second place 
. although the ratio between quartz and olivine is of the 
order of perhaps 20 or more to 1. There is much feldspar 
in some samples and most samples contain particles of a dark 
substance which in some cases consists of greenstone or other 
dark rocks. Particles larger than sand-size are present in 
¡most sand samples. ‘These consist of rocks of many kinds 
among which are felsite, granite, mica schist, flint, quartzite, 
and greenstone. Some of the large particles are also composed 

of transparent and milky quartz. 

. Roundness of the sand and larger particles varies somewhat 
with the samples; most contain some well rounded grains. A 
few samples have most of the grains well rounded, but angular 
and subangular particles of the same grade size are always 
present. Particles of the small sand and smaller sizes are 
always angular. Rounded particles are usually minutely pitted 
or frosted (mat surface). These are always associated with 
angular and subangular particles which exhibit no rounding 
or pitting, but instead have smooth shiny surfaces. It is 
obvious that the sandy sediments have had variable past his- 
tories. The rounded and pitted particles have had a much 
longér history than the angular ones. The former were released 
from the parent rocks a long time ago and have undergone a 
long transportation. It is not known where the ice acquired 
the sands which its melt water deposited as outwash, but the 
places must have been somewhere to the north. The rounded 
sands probably came from a sedimentary terrane and some of ' 
the transportation which they have undergone was by wind. 
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Taste 9. The three quartile dimensions and coefficients of sorting 
and skewness of the sands from Muskellunge Lake. 


Sample Depth of 


Number water Qi M Q2 So . Sk 
8 1 meter 156 200 ^ BO 179 : 1.95 
14 15 217 i400 1B 1.80 1.01 
15 8 Mb 25 -ATS 1.64 1.88 
17 1875 55 28 1.20 1.70 
18 0.15 175 | 40 28 8.60 2.51 
19 0.5 19 80 85 2.20 1.79 
20 1 14 225 A25 1.70 1.10 
21 1.5 18 875 15 2.90 1.20 
84 0.9 09 16 21 1.50 78 
85 2.5 155 218 875 1.50 1.80 
88 1 156 225 AT 1.70 1.40 
44 15 20 80 1.40 1.10 
48 7 18 81 45 1.70 15 
52 19 35 AS 1.50 10 
58 8.5 11 225 244 1.50 58 
55 1 109 156 208 1.40 95 
56 10 10 17 19 1.40 1.0% 
5T 10 10 15 | Al 1.40 .28 
62 20 Ali pebbles, no sand 
64. 5 96 125 B25 - 1.80 2.17 
65 1.5 16 21 BO 1.86 5 
68 2.5 16 21 ^ 29 1.80 1.05 
69 8 07 20 46 2.50 .80 
72 4 19 875 1.70 - 2.97 2.80 
78 8 16 : 22 89 1.50 1.80 
77 2 .08 106 15 C 4.80 1.60 
48 15 A5 20 26 1.80 94 
85 1 29 40 50 140 . 101 
86 1 175 1.00 2.80 8.99 Ad 
90 4 091 125 19 1.40 1.20 © 
92 6 16 2B AQ 1.75 1.50 
98 Rocky 6 187 275 AS 1.50 1.10 
101 19 09 187 31 1.50 C00 
102 18 10 15 212 1.40 94 
105 28 85 2.60 8.40 88 
106 5.5 21 425 1.85 2.50 1.50 
108 1 16 19 26 1.20 1.10 
109 5 187 175 225 1.80 1.00 
114 17 25 1.60 8.10 4.85 
115 19.5 14 18 24 1.80 1.08 
118 7 094 15 206 1.50 .905 
119 8 12 175 225 1.40 88 
,120 8 108 .158 212 1.40 85 
122 088 106 18 1.40 1.40 
128 1 112 175 212 1.40 17 
124 24 40 1.2 240 1.80 
125 1 16 287 585 1.80 1.50 
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' with ice. Either of these two agencies would give a promiscuous: d 
distribution rather than a local one. This seems to be the | 
case. It seems obvious that the distribution can not be inter- 

: preted as simple functions of depth. Neither does it seem that 
the distribution is one of current transportation. 

However, the figures in the analyses do not reveal the com- 
plete story. This is shown by representative samples which are 
described below in detail. Most samples contain plant matter 
in all degrees of comminution. Some samples are described 
from the point of view of the fractions, others as the gross 
samples. Depths of collection are given in table. Descrip- 
tions are as follows: 

Sample 6. Mixed sands compose about 90 per cent of the 
sample by weight. ‘The other ten per cent by weight consists of 
pieces of rock with one particle having ——— of 25 by 18 
by 12 mm. 

Sample 7. Mixture of pieces of stems, bark, and leaves 
with a little finely divided vegetable matter. "There is also a 
little sand. 

Sample 14. This sample is described after it was frac- 
tioned. 

over 4 mm., 2.80 per cent. Two small — of — 
rest pieces of stems, bark and leaves. 

2 to 4 mm., 3.00 per cent. Fifteen angular granules com- 
posed of quartz and rock, rest pieces of stems, bark, and 
leaves,'one seed. 

1-2 mm., 5.26 per cent. About one-half of the particles con- 
sists of pieces of plant matter. The other half consists of 
angular and subangular particles of quartz and rock. 

1% to 1 mm., 21.9 per cent. About one-half of the particles 
are composed of plant fragments, the other half of angular - 
and subangular particles of quartz and a few other minerals. 

l4 to l5 mm., 51.8 per cent. The fraction consists mostly 
of angular and subangular particles of quartz and a few other. 
minerals. Some plant fragments are present. — 

16 to Y mm., 10.2 per cent. One-third to one-half is com- ` 
posed of angular particles of quartz and a few other, light on 
ored minerals. There is a little plant matter. A 

1/16 to 44 mm., 1.8 per cent. About one-half the — 
is composed of angular particles of quartz and light colored 
minerals. 'Lhe other half of the particles consists of organic 


matter. * 
Y 
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1/16 mm., 0.62 per cent. More than half is composed of 
organic matter, the: other half of angular particles of light | 
colored minerals. 

Sample 16. "The paie consists of gray sands of which 
some are quartz and some particles of rock. Some sands 
rounded, others angular. The rounded particles have pitted, 
: or mat surface. The small particles are angular. There is no 
plant matter. 

Sample 20. This sample patum smali piia which are 
angular to subangular. Sands are quartz with both round and 
angular grains. The sample contains TRR DES of stems, bark, 
and leaves. 

Sample 21. The sample contains one well rounded pebble. 
There are numerous small pebbles and granules which are angu- 
lar to subangular. These are composed of rock and quartz. 
The large sand grains are rounded. Some of these have shiny 
surfaces and.others are minutely pitted, or frosted (mat sur- 
face.) The small sand particles are angular. 

Sample 84. The sorting of the inorganic particles is excel- 
lent and much better than is indicated by the coefficient or 
sorting. The value of the coefficient is modified by the pres- 
ence of fragments of stems, bark, and leaves. 

Sample 38. This sample contains one subangular pebble 
with a length of 25 mm. This was removed before analy 
The mechanical analysis is as follows. 

over 4 mm., 10.94 per cent of which 1.59 per cent ía of. 
fragments of stems and bark. The rest consists of seven pe 
bles of which four are angular and three subangular. 

2 to 4 mm., 5.99 per cent. Contains a single fragment of a 
small shell. About one-half of the particles consists of frag- 
ments of stems, bark, and leaves. Other half of the particles 
is quartz with some feldspar and rock. ' The particles are little 
rounded. 

1, to 2 mm., 6.49 per cent. About one-half of the particles 
consists of temente of stems, bark, and leaves. The other 
half is composed of quartz with some feldspar and rock, Most 
particles rounded and some well rounded. 

lo to 1:mm., 15.97 per cent. One-half to three-fourths is 
composed of angular and subangular —— of quartz; the 
rest is mostly pink feldspar. a 

1, to 144 mm., 47.56 per cent. The fraction consists largely 
of rounded and subangular particles of quartz. 
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1g to 144 mm., 12.00 per cent. The fraction i is largely com- 
posed of angular particles of quartz. 

1/16 to 4g mm., 1.04 per cent. The fraction is composed 
of angular particles of light colored minerals. | 
. 1/16 mm., 0.61 per cent. The fraction is composed of 

angular particles of light colored minerals. 

Sample 44. This sample has its greatest percentage in the 
1% to 1 mm. grades. Rounded particles are abundant in the 
l5 to 2 mm. grade. Quartz is the chief composing mineral. 
The 2 to 4 mm. grade contains thirty-seven angular to sub- 
angular particles of which one is quartz, two are feldspar and 
, the others are pieces of rock. 

Sample 53. The mechanical analysis of this sample with 
deseription of the fractions is as follows. 

over 4 mm., 9.18 per cent. Consists of two pebbles, both 
subangular. The larger consists of granite, the smaller of 
quartz. 

2 to 4 mm., 5.68 per cent. Composed of angular particles 
of quartz, feldspar and rocks. There are two fragments of 
stems. 

1 to 2 mm., 6. 35 per cent. About half consists of angular 
and subangular particles of quartz, the other half of angular 
pieces of rock. There are some fragmenta of stems. 

% to 1 mm., 8.48 per cent. Consists mostly of angular 
particles of quartz. 'lhere are some angular particles of feld- 
spar and rock. Fragments of plants are also present. 

14 to Yo mm., 45,49 per cent. Consists mostly of angular 
particles of quartz. 

lg to Y, mm., 28.16 per cent. Consists mostly of angular 
particles of quartz. 

1/16 to 144 mm., 2.78 per cent. Composed of — par- 
ticles of light colored minerals. 

Sample 52. This sample from the depth of 20 meters con- 
sists of thirteen pebbles, two granules, and some fine sand. 
The largest pebble is 25 mm. long and 18 mm. wide and thick. 

Sample 65. The mechanical analysis of this sample is as 
follows. i 

over 4 mm., 6.26 per cent. Consists of four fragments of 
stems, two pebbles of quartz, one of red feldspar, and eight of 
rock. All are poorly rounded. 

2 to 4 mm., 1. 61 per cent. Consists of a few fragments 
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of stems and twenty-six granules of which two are quartz, one, 
feldspar, and twenty-three rock. All are subangular. 

1 to 2 mm., 2.42 per cent. Composed mostly of angular 
particles of rock, and about one-fifth particles of quartz. 

, Le to 1 mm., 18.61 per. cent. More than two-thirds com- 
posed of angular to subangular particles of quartz. Much 
pink feldspar in angular particles. 

14 to L5 mm., 68.07 per cent. Mostly angular and sub- 
angular particles of quartz. | 

ig to 144 mm., 2.82 per cent. Mostly angular particles of 
quartz. | 

1/16 to 4% mm., 1.82 per cent. Angular particles of light 
colored minerals. 

Sample 103. The sample consists of ten pebbles with a 
little sand. One of the pebbles is rounded, the others are angu- 
lar. The diameter range of the pebbles is from 12 to 22 mm. 
One is of mica schist, four are of quartzite, two of felsite and 
three are composed of granite. 

Sample 124. The mechanical analysis of this samale is as 
follows. 

over 4 mm., 17.87 per cent. The fraction consists of 
twenty-two pebbles.of which two are composed of feldspar, 
seven of qùartz, one of quartzite, one of granite, and eleven of 
green or black rock. The pebbles range from little rounded to 
angular. There are some stem fragments. 

2 to 4 mm., 9.87 per cent. The fraction largely consists 
' of particles of rock, and a few particles of quartz. All par- 
ticles are little rounded. Some fragments of stems and other 
parts of plants are present. ; 

1 to 2 mm., 6.70 per cent. Mostly angular particles of 
rock and quartz. Some plant fragments are present. 

less than 44 to 1 mm., 39.77 per cent. Mostly composed of 
particles of quartz of which some are well rounded and others 
highly angular. 

. Yy to Yo mm., 10.26 per cent. Mostly composed of quartz, 
particles angular to subangular. | 

tg to 14 mm., 14.08 per cent. Mostly angular particles of 
quartz. 

1/16 to 44 mm., 2.21 per cent. Composed of light colored 
minerals. 

. The foregoing descriptions show the wide variations in par- 
ticles in individual samples. It is obvious that more than one 
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méthod was involved in the transportation of the sediments £o 
the places where the samples were collected. It does not seem 
possible to separate the contributions due to the different 
methods. In addition there are the fragments of plants which 
are present in most samples and which are represented in 
mechanical analyses and are also represented in the coeffi- 
cients of sorting and skewness.. With contributions from cur- 
rents, from ice rafting, probably from wind blowing large par- 
ticles on the ice and, in the case of the plants materials from 
sinking after floating on the surface until water-logged, one may 
wonder what significance from a sedimentary point of view 
may be given to the results of mechanical analyses of sands 
deposited under such conditions as exist. in waters such as 
those of Muskellunge Lake. 


~ 


ALLEQUASH LAKE AND ITS SEDIMENTS. 


Allequash Lake really consists of two lakes connected by a 
short and narrow passage. The western of the two parts is the 
smaller and the lake is about three times as long as wide. Alle- 
quash Lake drains into Trout Lake, about a mile ta the west, 
and the eastern part has a small indraining stream on the 
upper end. The entire lake has an area of about 400 acres 
of which about two-thirds is in the eastern and larger part. 
The shore line has an approximate length of about five miles. 
The lake owes its existence to two pits in glacial outwash and 
‘Is entirely surrounded by forest, mostly second growth. The 
relations of this lake to others considered in the paper are 
shown in Fig. 1. 

The waters of Allequash are believed to range from oligo- 
trophic to dystrophic. They have been determined by work 
done under the auspices of Doctors E. A. Birge.and Chancy 
Juday to contain 20.72 parts of bound carbon dioxide, 12.24 
parts calcium, and 4 parts magnesium per million. 

Sampling of the sediments covering the bottom of Allequash 
Lake was done by Mr. V. E. McKelvey during the summer of 
1940 and by Mr. Henry Nelson during the summer of 1941. 
Mr. Nelson succeeded in obtaining a core (A) with a length of 
42.5 feet (a little less than 18 meters): This core 1s thought 
to have passed through the sediments which accumulated since 
the departure of the ice. 

The sediments over considerable parts of the bottam of Alle- 
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Fro. 7, Map of Allequash Lake. The upper numbers indicate the sta- 
tions, the lower the depths at the stations. "The shore of this lake was 
studied in sectors. This study established that the lake is receiving few 


sediments from its shores. 
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| quash Lake contain large —— of combustible gas during 
some months of the year, particularly during J uly and August. 
The gas rises in abundant bubbles as a boat is rowed over 
. waters which are not more than two meters deep. Tt is & task 
of only a few minutes to fill a quart milk bottle with the gas. 

The western and smaller of the two basins (Fig. 7) is nearly 
filled with organic-rich sediments and the top of the sediments 
is only a short distance from the surface of the water. The 
sediments, however, are little consolidated and an oar can 
readily be pushed into them with immediate large escape of 
gas. The eastern and larger basin is not so full of sediments 
and depths of water as ee as eight meters (25 feet) are 
present. 

For purpose of study of iiie sediments on the shore of the 
lake, 1t was divided into 20 sectors based on the character of 
the shore and the shore and shallow water sediments. This 
work was done by Mr. Nelson with the objective of determin- 
ing the extent of contributions of sediments by the shores. 
Figure 7 shows the positions of the sectors. "Their descrip- 
tions are as follows. 

1. No beach, vegetation to water's edge and beyond this 
bottom covered with sand, pebbles, gravels, and cobbles for & 
short distance outward where these sediments abruptly pass 
into black to dark gray muddy gyttja. Much fallen timber 
is over the shallow bottom. 

2 to 5. No beach. Boggy shore, and gyttja covers bottom. 

6. Beach about one-third of a meter wide and composed of 
sand. Sediments consist of sand for a short distance from 
shore and then pass into gyttja. Vegetation extends to edge 
of water. 

7. No beach. Pebbles, cobbles, and boulders form narrow 
offshore deposits and pass abruptly into gyttja. 

8. Beach about one-third meter wide in some places, com- 
posed of sand. Offshore deposits of sand. . Most parts of shore 
boggy and the shallow bottom supporta a plant growth based | 
on gyttja. 

9. No beach. Steep bank, water deepens quickly. Offshore 
sediments sands which pass outward into coarser sediments. 
The shallow water sediments about the point on the north end 
consist of large boulders with diameters to a half meter or 
more. Just north of the point is a small bay of which the 
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shallow bottom is-covered with sand. Considerable parts of 
the shore are being rapidly eroded. 

10. No real shore, shallow bottom covered with gyttja sup- 
porting plants and gradually passing into bog. 

11. No real shore, shallow bottom covered with gyttja pass- 
ing into bog. 

12. No beach. Sands, pebbles, cobbles form offshore de- 
posits. No active erosion. 

13. No beach. Shallow bottom covered with gyttja pass- 
ing into bog. 

l4. No beach. Shore covered with vegetation in the form 
of bog which passes into gyttja on the lake bottom. 

15. No beach. Sands, pebbles, and cobbles form offshore 
deposits, water deepens slowly. Gyttja forms deposits in small 
bays. Shore covered with vegetation which is bog over the . 
southern half. 

16. No beach. Shore a bog passing into gyttja. 

17. No beach. Offshore deposits of sand, shore a bog. 

18. No beach. Offshore deposits of gyttja, shore a bog. 

19. No beach. Sand and small pebbles form offshore 
deposits. Shore a bog. 

20. No beach. Offshore deposits of gyttja, shore a bog. 

The analysis of the shores shows that only along sectors six 
and eight is there a beach and this is very narrow. Only along 
the shores of sectors seven and nine is there any erosion. It is 
thus obvious that the shores of Allequash Lake are now con- 
tributing very little in the form of inorganic sediments. This 
evidently accounts for the occurrence of gyttja in very shallow 
water and its nearness to the shores at most places, and the 
fact that gyttja covers the bottoms to the shores of sectors 
2 to 5, 10, 12, 14, 16, 18, and 20. The other shallow bottoms 
for short distances from shore are covered with clastics in the 
range from sands to boulders. 

Foregoing paragraphs show that Allequash Lake is now 
acquiring few inorganic sediments from its shores. This is 
evidently due to the dimensions of the lake and probably also 
to the shape, particularly to the shape of the western basin. 
It probably is also due to the protection afforded by the forest 
over the surrounding surface. Some inorganic sediments are 
dropped from the atmosphere, but these can hardly be great. 
The small inlet on the. eastern end of the lake may also con- 
"tribute a small volume of inorganic sediments. The result is 
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‘that the sediments are high in organic matter. This has been 
derived from plants and animals dwelling in the lake and also 
from the surrounding vegetation. The relative quantities from 
the two sources do not seem possible of determination: 


4 


e 


" 
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DESCRIPTION OF THE SEDIMENTS. 


Twenty-seven samples were taken with the Ekman dredge at 
stations indicated on the map of figure 6 by the numbers 
1 to 27. Every sample contained abundant organic matter. 
Narrow bands of sands and silts w3th occasional boulders exist 
along some parts of the shore as indicated in the descriptions 
of the shore. These sediments were not sampled. Three core 
samples were taken with the Jenkin and Mortimer core sampler 
in places indicated by letters B to, D, and one core was taken 
with the Wilson core sampler at the place indicated by the let- 
ter A. Results of the sampling with the Ekman dredge are 
given in table 11. 


Taste 11. (Table giving depth of water, character of sediments, 
moisture content, per cent of organic matter based on loss on ignition, 
and per cent of lignin in the organic matter. 


Per Cent 
of Organic 
Matter Percentage 
zi l Based on of Lignin 
Sample Depth of Moisture Losson in Organic 
Number Water Character of Sediments Content Ignition Matter 
Meters Western Basin 
1 0.75 Sandy black gvttja 90.7% 20% 23% 
2 1.00 Sandy black gyttja 87 45 
8 1.50 Slightly brown gyttja 4T 28 
4 2.00 Brown gyttja 96.0 69 41 
5 2.50 Greenish brown gyttja 80 20 
6 2.00 Greenish brown gyttja 4T 21 
T 2.00 Greenish brown gyttja 97.2 71 80 
8 8.00 Greenish brown gyttja 80 21 
- 9 2.50 Greenish brown gyttja 75 82 
10 2.50 Sandy black gyttja 94.5 44 18 
1 1.50 Black gyttja 79 26 
12 1.50 Black gyttja 79 40 


A 


4 


i m Per Cent \ 
' ' , of Organic 
) Matter Percentage 
! Basedon of Lignin 
Sample Depth of Moisture  Losson in Organic 
Number Water Character of Sediments Content Ignition Matter 


Meters Eastern Basin 
18 | 1.00 Greenish brown gyttja 95.8% - 56% 84%, 
14 2.00 Greenish brown gyttja 81 88 
15 5.50 Greenish brown gyttja . 54 28. 
16 "^ 6.00 Greenish brown gyttja 90.4 60 44 
17 6.50 Greenish brown gyttja 55 ' 48 
18 8.50 Greenish brown gyttja 54 87 

. 18 8.00 Greenish brown gyttja 84 89 
20 7.00 Black gyttja 95.2 60 89 
21 8.00 Black gyttja Al 85 
22 7.50 Black gyttja 55 40 
28 2.50 Sandy dark gray gyttja 42 40 
24 6.50 |. Black gyttja 94.5 44 57 
25 7.50 Black gyttja 52 26 
26 2.50 Greenish gyttja 98.8 50 80 

55 


27 100 Greenish gyttja 78 

The average water content of the surface samples of the 
sediments of the eastern basin is 94.8 per cent and of the west- 
-ern or smaller basin 94.6 per cent. These figures are essentially 
the same and thus show an essential constancy in kinds of sedi- 
ments deposited. 

Nearly every sample is typical gyttja — la: a nearly 
black color in gross appearance, but in thin layers under a 
microscope is a pale greenish-yellow gel in which are enmeshed 
diatom tests, sponge spicules, fragments of plant matter, pollén 
grains, and inorganic particles. Fish and tadpoles dwell in the 
lake, but no remains of these animals, or any shells were found 
in the sediments. 

The per cent of organic matter in the sediments is shown in 
the fifth column of the table. This exceeds 50 per cent in 16 
samples and in an additional case it is just 50 per cent. Only 
in ten samples is rt less than 50 per cent, and in six of these it 
exceeds 40 per cent and in only four samples is it less than 


,40 per cent. The map shows the close correlation between the 


character of the shore and the percentage of organic matter. 
Samples 1, 2, 14, and 19 contain less than 40 per cent organic 
matter. Samples 1 and 2 were obtained in the channel between 
the two basins with the shore close by in each case and an 


occasional current from the upper to the lower basin to carry 
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^ away organic matter. Sample 14-was obtained north of the 
point of sector 9 where the shore is being eroded and the station 
of sample 19 is close to a sandy beach. Samples 8, 6, 10, 21, 
. 28, and 24 have less than 50 per cent organic matter and each, 
with the exception of sample 21, is from a station where it may 
be expected the shore supplied inorganic sediments. The map 
shows that, in general, the samples from the larger of the two 
basins contain less organic matter than those from the western 
and smaller basin. 'l'his is because the shores of the latter basin 
can contribute very little sediment which. is not the case in the 
larger basin. The average for the larger basin is 51 per cent; 
for the smaller basin it is 66 per cent. ‘There seems to be little 
consistency in the percentage of lignin in the organic sediments 
with the percentage ranging from as little as 18 to as high as 
55. The results, however, are only approximate. 

Core B is from a station in the western basin, core C and D 
are from the eastern basin. Core A is from the western part of 
the lower or western basin. A sample was taken with the 
Ekman dredge at each station. | 

Core A shows a thickness of a little more than 18 meters 
(42.5 feet) of organic rich sediments and: encountered gray 
sand at that depth. The sediments consisted of brown to 
brownish-black gyttja to the depth of two meters (about six 
feet). These sediments showed little coherence. Below two 
. meters the color changed with depth through loss of brown. At 
seven feet the gyttja became fairly coherent and acquired a 
greenish shade to its blackness. 'This increased in intensity to 
the bottom. The organic content was fairly consistent to the 
bottom of the gyttja and in the range from 70.to 80 per cent. 
As noted above, sand was encountered at 42.5. feet (about 13° 
meters). This sand is thought to mark the time of the disap- 
pearance of the ‘glacier. 

Core B extended to a depth of six meters (20 feet) and con- 
sisted of-brownish-black gyttja to about five meters (16 feet) 
, and then greenish-black gyttja to about six meters (19 feet.) 
There was then eight inches of gray sand and silt with organic 
matter and then gray sand and silt for four inches. Core C 
was carried to the depth of 5.91 meters (19.5 feet) and con- 
sisted of greenish-black gyttja. The bottom of the gyttja was 
not found. Core D was carried to the depth of about five 
meters (16 feet.) The sampler penetrated an additional foot 
but no sample was obtained. 
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The water content of the samples from the cores was found 
as follows. S 


Taste 12. Water contents of the sediments from cores in 


Allequash Lake. 
Gore A 
Position of Sample in Core - Content of Water 
Ekman 91.596 
5 feet i | | 96.0 - 
15 89.6 
20 94.8 
28 95.0 
27 95.0 
82 94.0 
86 ` 98.2 
89 ; 90.5 
Average including Ekman sample 94.8 
. Core. B 
8.4 feet E 95.0% 
11-12 92.8 
15—16 94.7 
19.20 56.5 
Core C 
Ekman . 94.4% 
6-6 feet 98.6 
9-10 98.1 
18-14 | 91.8 
15-16 90.0 
17 89.7 
Core D 
Ekman 94.896 
5-8 feet 92.6 
9.10 . i i 920 . 
18-14 91.0 ^ 
17.18 A ; 908 
1819.5 90.2 


-The samples show a very small decrease in water with depth 
and it seems obvious that organic rich sediments such as these 
yield water very slowly and that there has been very little 
expulsion of water from the bottom sediments since they were 
deposited following retreat of the ice some 25,000 to 50,000 
years ago. The possible loss of water is of the order of one to 
two per cent. There also seems to be a small decrease in con- 
tent of organic matter with depth which renders it obvious that 
elimination of organic matter by bacteria and other organisms 
is very small once the sediments are covered by other sediments. 
Lithification of these sediments would produce a carbonaceous 
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or bituminous shale, presumably the latter. If all the water 
was expelled the maximum thickness of about 18 meters (42.5 
feet) would be reduced to less than one meter or three feet, thus 
giving a rate of deposition of od one meter in 25,000 to 
50,000 years. 

No stratification planes of any. "kind were found in the sedi- 
ments of any of the cores taken from Allequash Lake. This is 
ascribed to the similarity of the sediments from year tó year 
and to reworking of the sediments by, organisms dwelling in the’ 
sediments although it must be admitted that these do not seem 
to be either numerous or varied. It is known that numerous 


. larvae dwell in the sediments at times and that the top sedi- 


ments contain considerable, but not large numbers of bacteria. 
The number is by no means as large as was expected when the 
studies of the northern soft water lakes was undertaken. 

The maximum thickness of sediments deposited since the 
departure of the glacier was found in the western basin at the 
position of core A where about 18 meters (42.5 feet) was found. 
This was reduced to nearly six meters (19 feet) at the posi-. 
tion of core. B. The sediments deposited in the eastern basin 
since the departure of the ice are known to have a minimum 
thickness of about six meters (19.5 feet) at the position of core 
C without the entire thickness having been penetrated. The 
bottom of the gyttja is thought to have been reached at about 
4.8 meters (16 feet) at the position of core D. ' 


GENERAL CONCLUSIONS. 


1. The dominant and most abundant form of organic sedi- 
ment in lakes of the character described in this paper is a pale 
greenish-yellow gel which is in the form of small globules. This 
18 thought to have been precipitated from suspension through 
flocculation. 

2. Recognizable organic animal remains consist of sponge 
spicules and a very rare occasional shell. -Recognizable plant 
remains consist of fragments of stems, bark and leaves and tests 
of diatoms. 

3. The organic-rich sediments of all depths penetrated con- 
tain water generally to more than 90 per cent. 

4. Approximately 50 or more per cent of the dried organic- 
rich sediments collected below a depth of three meters are com- 
posed of organic matter. 
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5. -Rates of deposition of the organic-rich sediments are 
very slow and are in the range of one meter of solid sediments in 
25,000 to 100,000 years. | 

6. The maximum thickness of wet organic-rich sediments 
was found in Allequash Lake with about 18 meters (42.5 feet). 

7. No stratification of any kind was found in any of the 
organic-rich sediments. 

8. Several methods of transportation were concerned in 
the deposition of the sands about the shores. Most sands con- 
tain organic matter. | 

9. Because of the several methods of transportation and the 
inclusion of organic matter, mechanical analyses of the clastic 
sediments have little sedimentational significance. 

10. Mechanical analyses, of the organic-rich sediments are 
considered to have no sedimentational significance so far as 
transportational &gencies &re concerned. Several agencies 
were involved in their transportation; most were. probably in 
‘a flocculated condition when deposited and there is no assur- 
. ance that existing dimensions are those present when deposition 

took place. | 

ll. The organic-rich sediments seem to have undergone few 
changes following deposition. Colors &re almost the same and 
the content of organic matter and water content are very much 
the same at the bottom and the top of every core obtained. 
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OBITUARY. 


GUY E. PILGRIM, 1875-1948. 


Henry Guy EnLcock Pinerm, Fellow of the Royal Society and 
sometime Superintendent of the Geological Survey of India, died at 
Upton near Didcot, in the English County of Berkshire, on Sep- 
tember 15, 1948. 

He was born into an old colonial family at Stepney, Barbados, 
' on December 24, 1875, the son of Henry Ellcock Pilgrim and 
Beatrice Lucy Wrenford. He matriculated at Harrison College on 
the same island and his education was continued at University 
College, London, where he received the degree of Bachelor of 
Science in 1901, and that of Doctor of Science in 1908. 

Meanwhile, the field .of his all-important contributions to 
geological science was foreshadowed by his appointment to the 
Geological Survey of India in 1902. He was promoted to Superin- 
tendent in 1920, and continned in that office until his retirement 
in 1980. Thereafter, he made his home at Upton, but spent much 
of his time in active. work as a member of the supernumerary staff 
of the Department of Geology, British Museum (Natural History). 

His early geological explorations in the Persian Gulf region 
of Arabia and Persia were described in two Memoirs of the Geo- 
logical Survey of India (XXXIV, 4, 1908 and XLVIII, 2, 1924). 
He was the first European to visit parts of Trucial Oman, and the 
first geologist to explore Bahrein Island, where he discovered the 
dome structure, a knowledge of which resulted in the present - 
extensive oil exploitation there. 

However, his greatest contributions to Geology have been in 
the fields of the Cenozoic continental stratigraphy and vertebrate 
paleontology of the sedimentary formations of India and adjacent 
countries, beginning with the description of fossil Proboscidea from 
the alluvium of the Godavari Rivér, in 1905. Following in the 
footsteps of Falconer, Cautley, and Lydekker, he ably devoted rare 
energy and zeal to the manifold problems of Siwalik stratigraphy 
and paleontology. As noted by the late W. D. Matthew, “The 
admirable later work of .. . Pilgrim was the first to make clear 
distinctions between the successive faunas, and added very largely 
to the faunas. . ." E. H. Colbert has pointed out the fact that ` 
"Dr. Pilgrim virtually opened the field in the discovery and study 
of Lower Siwalik vertebrates" and stratigraphy. His "Preliminary 
Note on & Revised Classification of the Freshwater Tertiary De- 
posits of India" (Rec. Geol. Surv. India, LX, 8, 1910) gave the 
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world the disk acenrate and modern understanding of this — 
problem, and fifty of the two hundred species dealt with were dis- 
covered by him. Early in his career, he found and studied the first 
of numerous specimens of fossil great apes. His many finds and 
extensive research bearing on these fossils of paramount human 
interest, apart from all his-óther contributions to science, would 
have insured his reputation as one of the most distinguished verte- 
. brate paleontologists of this century. 

Subsequent years. brought many new fossil discoveries and a 
- great number of additional studies in the same field, as a result 


“cof his vigorous collecting, observation, and productive research. 


In addition to numerous shorter publications, principally appearing 
in the Records of the Geological Survey of India, he was the author 
‘of an important series of Memoirs in the Palaeontologica Indica. 
` These included "The Fossil Giraffidae of India," “The Vertebrate 
Fauna of the Gaj Series," “The Perissodactyla of the Eocene of 
Burma,” ‘The Fossil Suidae of India,” "A Sivapithecus Palate. 
and Other Primate Fossils from India," "The Fossil Carnivora of 
India," and "The Fossil Bovidae of India." The "Catalogue of the 
Pontian Carnivora of Europe” (Cat. Brit. Mus. 1981), and 
. “Siwalik Antelopes and Oxen in the American Museum of Natural 
History" (Bull. A. M. N. H., LXXII, 7, 1987) sbould be mentioned 
also. This latter work was the fruit of his visit to the United 
States in 1982, where his admirable personal and scientific charac- 
ter won him many fast friendships among those in this country 
who had mot had the privilege of knowing him previously. The 
"Catalogue of the Pontian Bovidae of Europe" (Cat. Brit. Mus., 
1928) was written in collaboration with A. T. Hopwood. 

He was President of the Geological Section of the Indian Science 
Congress in 1925, a Fellow of the Geological Society, a Corre- 
sponding Member of the Paleontological Society of America, a 
Fellow of the Asiatic Society of Bengal, and on March 18, 1948, 
was elected Fellow of the Royal Society. The news of this last 
honor was most gratifying to his friends. 

No tribute in memory of: him would be complete without mention 
of one of his most important services to science: the encouragement 


of others in studies in his chosen field. Many younger men were: . - 
privileged to receive his generous friendship, disinterested advice; * 


and inspiring help, to their own great benefit With his death, 
paleontology and stratigraphy have lost a distinguished leader. 
GEORGE EDWARD LEWIS. 


SCIENTIFIC INTELLIGENCE 
Pnuvsics AND CHEMISTRY. 


Electrical Counting; by W. B. Lewis. Pp. vii, 144. Cambridge 
University Press, 1942 ($2.50).—The Cavendish Laboratory has 
been an active center of nuclear research, and many methods of 
counting electrically charged particles have been” developed there. 
Publieation of a systematic summary of these methods, together 
with a survey of the entire field, such as is set forth in the present 
book, will be welcomed by all workers who have occasion to ‘use 
counting devices. f H. MARGENAU. 


Man and His Physical Universe; by F. C. Jean, E. C. Harran, 
F. L. Herman, and S. R. Powers. Pp. viii, 608., New York, 1948 ` 
(Ginn and Company, $3.25).— The book is a revision of the 
authors' "Man and the Nature of His Physical Universe" which was 
published in 1984. It represents a text for a science-survey course 
on the College-Freshman level and includes astronomy, physics, 
chemistry, geology, and a good deal of engineering. Written with 
much pedagogical skill. H. MARGENAU. 


The Chemical: Background for Engine Research. Frontiers in 
Chemistry, Vol. II; edited by R. E. Burk and Oxrver GRUMMITT. 
Pp. 297; many figs. and tables. New York, 1948 (Interscience 
Publishers, Inc., $8.50).—This is a reprint of a series of lectures 
delivered at Western Reserve University. The subjects and the 
lecturers were: A survey of combustion research, E. F. Fiock; 
Chemical thermodynamics of hydrocarbons, F. D. Rossini; Synthetic 
methods for hydrocarbons, F. C. Whitmore; Kinetics of flame and 
combustion, G. von Elbe; The experimental side of combustion 
research in engines, Bernard Lewis; Some physiochemical aspects 
of lubrication, Otto Beeck. GEORGE M. MURPHY, 


Physical Biochemistry; by Henry B. Borr. Pp. iv, 847; 94 
figs. New York, N. Y., 1948 (John Wiley and Sons, Inc., $8.75).— 
“This volume is an outgrowth of a series of about thirty-six lectures 
. which" have been given “to, graduate students in biochemistry, 
physiology, bacteriology, and neurology" aud which were attended 
by medical students. Many of the aspects of physical chemistry 
which enter in biological phenomena are discussed in direct applica- 
tion to biochemistry. An experimental viewpoint is maintained 
throughout the book with many references to the literature. Some 
use is made of thermodynamics. The book, both in subject matter 
and format, is quite modern. SCOTT E. WOOD. 


107 


108: . . ' ' Scientific Intelligence. © * ^ v ‘i 
GEOLOGY. 


The Control of Reservoir Siliing; by Cant B. Brows. Pp. ii, 
166; 58 figs. U. S. Dept. of Agriculture, Miscellaneous Publication 


“No. 521, -1948 (Government Printing Office, Washington, 26 


~ 


penta) c Heic is an exceptionally interesting and informative 
treatise on a subject that looms large in the national economy. ' The 
author, head of the sedimentation section, Office of Research, U. S. 
Soil Conservation Service, has responded to widespread requests for 
information on methods of controlling or reducing the accumulation 


. of silt in impounding reservoirs used for water supply, irrigation, ' 


and power production. Since 1900 there has been a phenomenal 
increase in the number and the scale of such reservoirs in this 
country, with an acceleration in construction that was halted 
abruptly by the war. In 1941 there were on record about 8,900 dams 
and reservoirs, representing an investment of nearly four and a half 
billions of dollars. Many of these expensive works were constructed 
with little or no consideration of the silting problem, and there has 
been enormous loss of value as a consequence. In the words of the 
author, “As a nation, we have used our reservoir sites with abandon, 
much as we have used our soil, turning from depleted or exhausted 
areas to fresh fields, with little view to the ultimate limits of the 
resources." The losses already sustained are truly staggering. 
Nearly two thousand smaller reservoirs have. been completely filled 
with debris; and it is estimated that the annual cost of silting— 
measured by the steady loss in capacity of our numerous expensive 
reservoirs—is more than 50: million dollars. Fortanately there is a 


growing consciousness of the need for sounder engineering practice 
,in designing and maintaining reservoirs. The need to conserve this . 


resource is especially urgent during the war, since we do not have 
materials and labor for constructing new dams, and yet the demands 
on existing reservoirs are greater than ever before. 

The large number of effective steps in a comprehensive program ` 


- to control silting may astonish the uninitiated. Ideally the planning . 


should begin with selection of the reservoir site. It is important. 
that a suitable minimum ratio of reservoir capacity to watershed 
area be provided. This minimum ratio varies from 75 acre-feet per 


square mile in the Southern States to 250 acre-feet per square - 


mile in the Texas-Oklahoma region; it depends on the rate 
of erosion, which is determined in part by vegetal cover, on the 


"watershed. An example of improper judgment in this matter is 


, furnished by a water-supply reservoir built in Kansas a few years 


ago at & cost of $150,000. Although the capacity was ample for the 
community to be served, the drainage area above the dam was so 
large that the storage capacity was only 0.14 acre-foot per square ` 
mile. The reservoir was entirely filled with sediment within a year 
of its completion. 


Geology. - iu Gg '" — .209. 


All — should be designed with sates or with outlét works 
adequate to care for silting problems that may arise. Some of our 
most important dams have not been thus equipped, and it is not 
feasible to install such works after the dam is built. However, 
complete study of the reservoir problem may reveal the inadvisa- 
bility of by-passing silt, in which case ample provision should be 
made in the size of the ‘reservoir to care for a large volume of sedi- 
ments. Thus in the planning of Boulder Dam nearly one-fourth of 
the resulting reservoir capacity was allotted for sectmentary 
deposits. 

Much can be done to prevent sediment from entering a reservoir. 
One standard practice, which dates back to the days’of Rome under 
the Caesars, is the construction of settling basins upstream from 
the head of the reservoir. Án excellent example in this country is 
the basin formed by the Mono debris dam above the Gibraltar 
reservoir, near Santa Barbara, California. The occasion for this 
project was an emergency created by forest fires which set the 
stage for catastrophic erosion in part of the watershed, with the 
consequent threat that the reservoir would be speedily filled with 
sediment. The large Mono settling basin, formed by a substantial 
concrete dam, was entirely filled with debris in two seasons. 
Another device to cause effective settling of silt above reservoirs is 
the planting of shrubs or trees along the stream courses: the tamarisk 
is proving to be especially valuable for this purpose in some of the 
Southwestern States. Other methods of keeping silt out of a reser- 
voir include the building of the reservoir off-channel, with provision 
for admitting water only after the content of sediment has been 
greatly reduced. A variant of this practice is the construction of 
desilting works such as those at the head of the All-American 
Canal, in Californie, which consist of large concrete settling basins 
arranged in pairs. Still another method is the construction of by- 
pass canals and conduits through which sediment-laden flood | 
waters-are shunted for protection of the reservoir. 

In regions characterized by heavy seasonal rainfall it is good . 
practice to release a large share of the runoff, through low-level 
' sluice gates in the dam, and to hold back only the comparatively 
clear water during the late stages of the rainy season. The Bhatgarh 
reservoir in India and the great Aswan reservoir in Egypt have been 
kept nearly free from sediment by this practice. Another method 
of controlling the deposition of sediment, which however is still 
largely in the experimental stage, consists in the venting of silt- 
laden density currents which are known to flow through to the dam 
in several large reservoirs, notably in Lake Mead and in the 
Elephant Butte reservoir. 

Many reservoirs can be saved from complete destruction only by 
removal of sediments. Actual excavation and dredging are prac- 
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ticed, thoùgh ordinarily the expense is high. oe some ‘situations the 
commercial value of sand and gravel makes excavation profitable.. 
More common practices are periodic draining and flushing, and flood 
sluicing; such: methods are possible only if the dam is equipped 

with suitable gates. Much has been learned about the most effective 
- techniques of flood sluicing, x is one of the oldest methods of 
- reservoir silting control. 

In the long view, one of the most essential steps in solving the 
large problem of reservoir silting is effective control of erosion 
in the watershed. A large part of the sediment that.destroys the 
‘reservoirs consists of soil' and subsoil washed from farmlands 
improperly tilled, from overgrazed range, and from steep slopes once 
protected by forest cover but recently denuded either by ax or by 
fire. Soil erosion is a mighty scourge from which this country has 
suffered much and which will continue to bring afflictions directly 
and indirectly. In most parts of the nation the problem of reser- 
voir silting, which now looms large, would be reduced to reasonable | 
proportions if the greater problem of unnecessary soil wastage could 
be brought under control. CHESTER R. LONGWELL. 


— 


^ Publications Recently Received. . - „FII 
PUBLICATIONS RECENTLY RECEIVED. ., 


Chicago Areal Geologic Maps: Surficlàl geology of quadrangles of the 
Chicago area; by J. Harlen Bretz. Topographic base surveyed in coop- 

. eration with the U. S. Geological Survey in 1925; geologically surveyed 
in 1980-82. Scale 1/24000. Illinois State Dept. of RR & Edu- 
cation. - Maps Nos. 1-15, 17-19, 21. | 

Illinois Geological Survey. - Report of investigations as follows: No. 47. 
Wildcat drilling in Illinois since 1986 with discussion of Prospects for 
Further Discoveries and Table of Wildcat Wells completed in 1942; 
by C. W. Carter. No. 88. Chemical Characteristics of Illinois Crude Oils 
with a discussion of their Geologic Occurrence; by. 9. W. Rees, P. W. 
Henline, and A. H. Bell. Urbana, 1948. 

Province of Alberta. Report No. 84 Geology. Part I. General Geology 
of Alberta, Part II. Rock Salt Deposit at Waterways, Part III. Geol- 
ogy of Alberta Soils, Part IV. Relief Model of Alberta and its Geo- 
logical Application, Part V. Coal Areas of Alberta; by J. A. Allan. 
Edmonton, 1948. Price, $1.50. 
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1942, 

Smithsonian Institution War Background Studies. No. 16. Island Peoples 
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17. Burma—Gateway to China; by H. G. Deignan. Washington, 1948. 
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Their Distribution, Properties Production and Uses; by P. G. Nutting. 
Price, 8.20; 928-D. Manganiferous and Ferruginous Chart in Perry and 
Lewis Counties, Tennessee; by E.‘F. Burchard. Price, $25; 931. Stra- 
tegic Minerals Investigations, 1941. Pt. 1, A-J; by E. Callaghan, et al.; 
989-D. Geophysical Abstracts 111 October-December, 1942; compiled by 
W. Ayvasoglou. Price, $10; 940-B. Manganese Deposits of the Elkton 
Area, Virginia; by P. B. King. Price, 3,75; 940-C. Geophysical Surveys 
in the Ochoco Quicksilver District, Oregon; by E. L. Stephenson. Price, 
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Kline. University, 1948. 
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SPECIAL NOTICE. 


The following Japanese journals and publications have not been received , 
by the principal libraries of this country, but it is possible that separates 
of some of the articles contained therein may have been sent to individual | 44 
American geologists and paleontologists. 


1. Contributions from the Institute cf Geology and Paleontology, 
Tohoku Imperial. University, Sendai, Japan. Nos. 1-82, 1921-89, 
inclusive. (In Japanese language—not to be — with Science 
Reports of this same university.) 


2. Bulletin of the Tropical -Industrial DES. Palau. Ya. 1, 1988 
to date. 


8. Jubilee publication in commemoration of Prof. EL. Yabe—60th Birth- 
day, Vol. 2, 1940. . 1 


Some of the above material is urgently reeded at the present time. If. 
any of these publications are available for loan or for photographing, please 
notify promptly the Chairman, Division of Geologv and — National 
Research Council, 2101 Constitution Ave., Washington, D. C. 


L 
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GENERATION OF MAGMA 
FRICTIONAL HEAT. 


J: S. DeLURY- 


ABSTRACT. Indications that the crust of the earth fs s 
into depths of 700 kilometers or more, together with evidence tha 
igneous rocks correspond in composition to shallow earth layers, require an 
appeal to magma sources other than the subcrustal weak shell of isostasy 
which is commonly accepted as an inherited and potential source. A 
hypothesis is offered to explain the origin of magmas within the crust by 
appealing to mechanical sources of heat. The failure of a thick crust, 
brought about by thermal contraction of the earth, is considered to be 
effected by a piecemeal operation involving different parts separately during 
& long period of time, rather than by & brief and final collapse embracing 
the entire structure. Elastic downwarping of the crust to form geosynclinal 
depressions is followed by a long process of failure of the lower and major 
part along one or several underthrust fault planes. This failure provides a 
plausible explanation of plutonic earthquakes. The outer shell of the crust 
is the last part to fail. Owing to its greater compressibility it is not 
compelled to yield until after deeper layers have been relieved of the hori- 
zontal compressive stress. This manner of failure prescribes the slipping 
of large areas of thick crustal shells over and under each other with a 
development of enormous quantities of frictional heat. Magmas are accord- 
ingly created in more or less continuous sheets along nearly horizontal fault 
planes beneath wide regions. Thermal expansion leads to elevation of these 
regions, so that, when the outer crustal layer fails, a “head” exists above 
the sheet of magma derived in the failure. Regional subsidence drives the 
magma forcefully inte regions of lower “head” and in this process addi- 
tional mechanical heat for magma generation is supplied by friction in the 
highly viscous magma. Applications of the hypothesis to explain major 
deformations near the surface are indicated. 


INTRODUCTION. 


HE uncertainty that surrounds the fundamental problems 

of the earth's crust is &pparent in discussions of the rela- 
tions between intrusion and deformation, of the causes -of diver- 
sity of igneous rocks, and of the sources of magma. ‘These 
igneous problems are related and a solution of one would likely 
clear up.the others. Local structures sometimes suggest that 
intrusion causes deformation. Elsewhere relations indicate 
that deformation accommodated a passive entry for magma. 
Neither interpretation is significant because in both instances 
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effects are too remote from — causes to decide hem. 
Similar difficulties confront attempts to account for the com- 
‘positional diversity of igneous rocks. Notwithstanding plenty 
of loca] though trivial signs of both differentiation and assim- 
 ilation, these signs are.so remote from ultimate sources that 
the variety and nature of parental thagmas are highly conjec- | 
tural. Plainly the third problem, that of the sourdes of magma, 
is the most fundamental and its solution might throw light on 

the others. Here the wide range. of views emphasizes the incom- 
- patibility of assumptions used by different authorities. 

A body of magma is either inherited or is created locally. 
A. persistent view that a relatively thin crust overlies a layer 
of potential magma has lent support to the concept of inher- 
itance. The assumed weak shell of isostatic theory has been 
accepted in many quarters as more or less definite proof of 
this view and as an indication that all magmas come from sub- 
crustal regions. The same.concept, coupled with the evidence 
for compositional zoning in the earth, suggested further that 
parental magmas, coming as they do from the one subcrustal 
layer, are all of one or closely similar composition.. Hence 
‘arose the compelling need of magmatic differentiation in 
explanation of rock diversification, a process which implies that 
there is no primary granitic magma but that the prevailing . 
masses of continental rock are wholesale differentiates of basic 
. magmas supplied by the suberustal weak shell. The difficulties 
^ surrounding this explanation of the origin of granite batho- . 
liths are enough in themselves to warrant a thorough search of 
the possibilities for securing a source of granite magina mum 
the crust. . 

That inherited reservoirs of magma exist in the crust seems 
incredible, and especially in those shallow layers where granitic . 
compositions are supposed to prevail. Accordingly, all pos- 
sible means for local liquefaction i in the crust should be exam- 
ined. For example, the view is recurrent in geological literature 
that the granitic cores of mountains may have resulted from 
magmas generated by the mechanical heat of crushing and 
friction. The chief objection to this view comes from -the 
evidence that these magmas are not products of fusion in place 
but have migrated into the folded region. The quantity of 
available mechanical heat seems to be adequate and an attempt 
will be made in the following pages to overcome objections. > 

Other suggestions have been made to account for a local 
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generation of magma, notably radioactive heat'and heat from 
chemical reaction. . The former has not been substantiated. 
Moreover, radioactivity would tend to eliminate itself as an 
active breeder of magma during the long igneous history of 
the earth. Regarding thermal effects from chemical reaction, 
it is difficult to imagine important chemical activities within the 
strong' and relatively cool rocks of the crust. 

A serious dilemma is faced in the search for magma sources. 
On the one hand the view that there is an inherited zone of 
magma or near-magma beneath the crust is precarious in the 
light of the evidences that the crust is strong as a whole into 
depths of several hundred kilometers. On the other, while 
compositional evidence points to & relatively shallow source for 
most magmas, no plausible means for generating magma 1n the 
outer and cooler parts of a thick and strong crust have been : 
substantiated. It is the purpose'of the present paper to sug- ' 
gest such means, but conflicting assumptions must be examined 
first with a view to obtaining a decisive picture of controlling 
conditions in the earth. 


` CRUCIAL EVIDENCES BEARING ON THE SOURCE 
AND ORIGIN OF MAGMA. © 

. The most abundant igneous rocks of both ancient and mod- 
ern formation are granites and allied types of continental 
masses, and members of the basalt-gabbro clan which seem to 
dominate in oceanic regions. Broad geologic evidences and 
more precise geophysical data indicate that these most abun- 
dant rocks correspond in composition to the outermost shells of 
the earth comprising a thickness variously estimated at.a few 
tens of kilometers. More basic intrusives, typified by peridotite 
and presumably from deeper regions, are relatively minor con- 
stituents of the visible parts of the crust. Compositional evi- 
- dence accordingly suggests a correspondingly shallow source 
of most parental magma. Hence, to conclude that magmas 
come from inherited sources, it is necessary to assume either an 
unbelievably thin crust or a derivation of granitic rocks by 
differentiation from more basic magmas originating in deeper 
levels. Geophysical evidence, however, seems to decree that 
there is no weak shell or zone of potential magma to supply- 
material for the abundant intrusives of the outer lithosphere, 
and accordingly that search must be made for means of creat- 
ing magma in the shallow regions of the granitic and basaltic 
layers. | ! 
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In view of the kowi affect of volume compression on the 
strength of rocks, thermal evidence seems to be definitely 


opposed to the isostatic assumption of a weak shell supporting: 7. 
a relatively thin crust, but suggests rather that strength per- E 


sists into depths of hundreds of kilometers. Jeffreys’ estimate!" 
` of the distribution of temperatures in depth leads to the con- 
clusion that in general rocks are well below their fusion 
points into depths of 400 and perhaps 500 kilometers. After a 
later examination of additional data the same writer drew the 
following conclusions concerning the possibilities of inherited 
magma existing in a thick crust: 


"Nothing in the new results giia the hope that fusion tem- 
peratures are a normal feature at any depth within the crust. The 
approximate reproduction of the ultimate steady temperature given 

in "The Earth' shows that the vertical distribution of temperatures 
ion on p. 154 needs little change as far as the present data are 
concerned. This is really not a defect. For though volcanoes exist, 
a generally fused layer would lead to absence of ocean tides and to 
a perfection of isostasy that certainly contradicts the facts. It still - 
appears that voleanoes are a special phenomenon and their explana- 
tion cannot be found in the average temperature distribution with 
depth."? 


These conclusions, derived from the thermal history and 
thermal state of the earth, are confirmed by deductions from 
_low thermal gradients measured in several mines. The lowest 
gradient is the logical one to project for indications of tem- 
peratures at greater depths, and it seems to defy being recon- 
ciled to the existence of a continuous shell hot enough to be 
weak at depths less than several hundred kilometers.? 
Seismological data confirm the thermal evidence that the 
crust is thick and strong. Deep-focus earthquakes give the 
most definite affirmation. These are recorded in all levels down 
to 700 kilometers or more. Seismologists* now generally agree 


1 Jeffreys, Harold: 1929, “The Earth," Cambridge Univ. Press, p. 154. 

* Jeffreys, Harold: 1941, “The Thermal State of the Earth," Amer. Jour. 
Scl, VoL 289, pp. 825-35. 

* DeLury, J. S.: 1988, “The Strength of the Earth,” Jour. Geol, Vol. XLI, 
pp. 748-56; 1986, “Geologic Deductions from a Thermal. Equation,” ibid, 

Vol. XLIV, pp. 479-95. 
'" *Stechschulte, V. C.: 1986, “Geological Implications of Deep-Focus Earth- 
quakes,” Amer. Geophys. Union, pp. 81-88. Macelwane, J. B.: 1986, “Prob- 
lems and Progress on the Geologico-Seismological Frontier," Science, Vol. 88, 
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that the causes of these plutonic quakes are probably the same 
as for those of shallow origin. If so, rocks in general have 
great strength into depths greater than 700 kilometers. 
Strength in these great depths seems to imply either that even 
the lowest estimates of temperature in these regions are too high, 
or that compression dominates heat in deciding strength in 
these levels. 

Notwithstanding these more direct thermal and seismologi- 
cal evidences that the crust is thick and strong, many hypothe- 
ses accept the limitations placed by the isostatic assumption of 
a relatively shallow shell of weakness. The writer has discussed 
elsewhere the evidences on which this assumption is built and 
reached the conclusion that they do not compel acceptance. 
Without the shell of weakness in shallow levels no source seems 
to be permitted for permanent or inherited bodies of magma, 
hence search must be made for the means of local liquefaction. 
The compositions of abundant intrusives further suggest that 
these means operate in the outermost shells of the earth. ‘ 

There seem to be definite possibilities for the local generation 
of important quantities of mechanical heat in the crust. The | 
outer lithosphere is always suffering adjustments which imply 
the movement of large masses against the resistance of others. 
This, in turn, requires the generation of heat from friction. 
However, deformational processes are usually so slow that heat 
generated in this manner might be dissipated too rapidly by 
conduction to permit melting. This, more than any absence of 
important frictional heat, probably accounts for the lack of 
signs of true melting along fault planes near the surface. 
Other things being equal, such signs are expected more as depth 
increases, since insulation and higher temperatures are both 
consequences of deep burial and would facilitate melting. Fur- 
. thermore, it is not unlikely that the occurrence of an important 
igneous mass formed from melting along a fault plane would 
be interpreted as a post-deformational intrusive. The same 
interpretation would be stil more likely if the liquefied rock 
were forced to migrate into new positions. 

In the following attempt at a solution of the problem of 
magma sources the writer accepts the view, as dictated: by the 
preferred evidences, that a crust with a thickness of at least 
700 kilometers has strength enough to resist large stress dif- 


5 1942, “Compression Creep of Rubber and Roos Jour. Geol, Vol. L, pp. 
189-99, 
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ference during long geologic intervals. Material below 'the 
crust, owing to higher temperature, may be relatively weak 
' and incapable of resisting stress difference of the same mag- 
nitude. Accordingly, the problem must be faced of accounting 
for the persistent development of magmas in outer levels where 
therma] and other evidences seem to decree a general lack of . 
inherited magma. | 

Movements in the lithosphere are regarded as being caused 
primarily by thermal distortion.. Failure of the crust in the 
thermal contraction theory will be treated as a protracted and 
piecemeal operation, involving the horizontal movement of 
enormous layers of rock over other masses. Frictional heat 


.' derived in these movements wil probably generate thin layers . 


of magma under wide regions. - Following the initial formation 
of magma in sheets, further generation is expected from addi- 
tional frictional heat derived from the energy of regional sub- 
sidence of over-riding crustal layers. The key to the present 
attempt to explain magma origin was provided by a recogni- 
tion of the importance of compression creep in solids. 


COMPRESSION CREEP INVOLVED 
à WITH CRUSTAL FAILURE, 


The movements commonly indicated by earthquakes now 
taking place along different parts of a widely extended fault 
plane indicate not only the continuous development of deform- 
ing stress in the strong crust, but also by their slowness the ` 
operation of compression creep. This operation requires only 
a fraction of the force needed to effect simultaneous movement 
along all parts of the fault. In a recent paper? the writer 
described compression creep and pointed out some of its bear- 
ings on geological processes. A quotation from this source will 
serve as a definition: | 


“A compressible solid may overcome resistance to its bodily move- 
ment by a piecemeal operation if the mass involved has dimensions 
permitting sufficient linear compression. Because resistance, such as 
friction, may be overcome locally and in successive stages, a small 
fraction of the force needed for an immediate effect will, given 
enough time, bring about the same bodily movement. This slow 
kind of movement against outside resistance, named 'compression 
creep, suggests the view that the rate of geological deformation is 
correlated better with small forces operating —— long time, than 
. with mighty forces in critical periods." 

* “Compression Creep of Rubber ‘and Rock,” loc. cit, 
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Measured by ordinary standards major deformation is a slow. 
process even in the critical periods of geology. Slowness of 
deformation suggests control of the operation by compression 


. creep. Accordingly, it seems that the crust of the earth may 


fail piecemeal in a long period of time when subjected to a 


. stress difference small in comparison with the one required to 


produce instantaneous failure. 

The causés of the stress differences that lead to crustal 
failure are none too clear, but heat seems to be the most prob- 
able and certainly the greatest source of energy available for 
earth movements. Appeal will be made accordingly to thermal 
distortion. This may arise from such things as unsymmetrical 
distribution of heat sources like radioactivity, and inequalities 
of heat conduction, but the most commonly accepted and obvi- 
ous cause lies in thermal contraction of the earth as a whole. 
The principle of compression creep will now be applied to the 
problem of the failure of a thick crust in the thermal contrac- 
tion theory. 


" y 
FAILURE OF THE CRUST IN THE THERMAL 
CONTRACTION THEORY. 


If the earth loses sufficient heat, contraction leads to the 
building- up of enough horizontal compressive stress to cause 
failure in the crust. It is customary to assume that during a 
few hundred million years this compressive stress is slowly 
built up ‘and that the crust fails as a whole in a relatively 
brief and critical period of deformation at which time the 
stress is largely reheved. The writer offers a contrary view 
that crustal failure is a very protracted process which involves 
much of the time usually regarded as being antecedent to 
failure. The possibility that the crust fails as a unit is more 
credible if it is assumed to be only a few tens of kilometers 
thick, but even here it is doubtful. With a thick crust, one 700 
kilometers or more thick as the writer accepts, failure as a 
unit is incredible and could be admitted only on the assumption , 
of incompressibility. 

Another commonly held part of the thermal contraction 
theory is that contraction of the interior and a growing hori- 
zontal compression in outer layers lead to a surface of no strain 
between. The writer offers the contrary opinion that except 
with an incredibly thin crust compression dominates so com- - 
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pletely any conceivable thermal effec:s in determining volume | 
that -a wide surface of no strain is impossible. Volume com- 
pression is characteristic of all parts of the earth except in 
shallow levels where deformation may lead to local tension. 
. Measurements’ show that granitic rocks are more compres- 
sible than those of gabbro composition which are supposed to 
prevail in a lower shell. Similarly, gabbro is more compres- 
sible than olivine-rich rocks which probably assume dominance 
in still deeper levels. The.same measurements further estab- 
lish what is expected on theoretical grounds, namely, that rocks 
become less compressible with increasing compression. Taken 
together these evidences point to an important and continuous 
decrease of compressibility from the surface downward. Seis- ` 
mological data on the elastic properties of rocks in various 
depths give confirmation. It is gathered from B. Gutenberg’s 
estimates? of the variation of elastic constants in depth, that 
the outer granitic layers have several times the linear com- 
pressibility of material near the 700-kilometer level. With this . 
difference in linear compressibility from top to bottom and with 
other things equal, the crust would be ‘expected to fail first in 
lower levels from .the horizontal compression built up by 
thermal contraction. However, other controlling factors are 
not equal. For example, strength probably-increases into great 
depths and may do so in a degree that would offset differential 
compressibility in deciding the manner of failure. Again, tem- 
perature changes may be a considerable factor in determining 
the linear compression of various layers, owing to their influ- 
ence on volume. Exact appraisal of all controlling factors in 
failure is impossible, but it seems very improbable that these 
will ever be so nicely balanced that the entire crust will fail as 
& unit. Other and perhaps the decisive factors suggest that the 
lower crustal layers fail first and thet the greater and lower 
part of the crust fails inward before a relatively shallow outer 
shell is seriously taxed by the horizontal compressive stress. 
Loss of heat from subcrustal regions, that is to say below 
depths of 700 kilometers or thereabout, leads to reduced volume 
compression in those regions and to concurrent horizontal com- 
pression in the crust. The force of gravity now acts to 


T Adams, L. H.: 1989, “Elastic Properties of Materials of the Eartb's 
Crust,' Internal Constitution of the Earth, Chap. IV. 

*1989, “The Elastic Constants in the Interior of the Earth," Internal 
Constitution of the Earth, Chap. XIV. 
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“shorten” the crust. The first effect expected is ‘an elastic 
downwarping of susceptible parts of the crust, an effect which 
is essentially the same as that viewed in the dimpling of a 
hollow rubber ball when inside compression is reduced by par- 
tial deflation. This dimpling would be impossible in the crust 
if rocks were incompressible but in the long circumference of 
the earth there is a degree of compressibility that permits a 
reasonable comparison with the rubber ball. The areas of down- 
warping would likely be determined largely by crustal thinness, 
though other factors might contribute. The various geo- 
synclinal depressions of geologic history may well be initiated 
by and reflect this elastic downwarping which is expected as 
the first effect of thermal distortion. ‘The existence of geo- 
synclines may be determined accordingly by the same influ- 
ences that later lead to crustal failure. If so, support is 
given to a view to be developed later that crustal disturbances 
from thermal contraction occupy a large part of the long 
period involved in the building up of horizontal compression to 
the time of its final release. An initiation of geosynclines in 
this manner would also support the. view that the relations 
between their locations and those of final folding are decided 
in an early stage by common causes. 

The expected initial effect of thermal contraction on the 
crust, namely elastic downwarping, leads to a lessening of the 
area of the crust, since the crustal arch is flattened across wide 
geosynclinal belts, and hence to. an increase in the horizontal 
compressive stress. The time required for ultimate failure is 
accordingly shortened. With further thermal losses and ' 
accompanying downwarping the time comes when the crust 
must fail. It has been indicated already that general factors 
suggest that the thick crust will not fail as a unit, but succes- 
sively in its different parts as these are affected by the con- 
trols over failure. Next to be examined are the particular 
conditions set up by thermal contraction, which may determine 
the manner and place of initial failure. | 

Reduction of cubic compression in subcrustal regions leads 
to a lessening of the support for the lowest and relatively 
incompressible layers of the crust, which are expected to fail 
before shallower layers of more compresstble material. Other 
and local conditions might contribute to determine the place 
of initial failure. For example, elastic downwarping might 
cause a local and pronounced increase of horizontal compres- 
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sion. This would suggest a possible correlation of thé sites 


of geosynclines and those of initial crustal failure. Again, the 
place of failure might be associated with unevenness in thick- 
ness of the crust. Thermal considerations support the view 
that the crust is thicker under ocean basins than under con- 
tinents.^ This being so, and with the reduced pressure in sub- 
crustal regions, ideal conditions are offered for the intervéntion 
of failure by compression creep. Unevenness in the bottom of 
the crust would influence the location of the place of first 
failure brought about by differential compressibility perhaps 
long before the strength of overlying layers is taxed.  Fail- 
ure of the crust may begin accordingly, shortly after the 
initiation of geosynclinal depressions and long before the final 
failure as viewed in shallow deformation. . 

A low-angle underthrust fault displacement is started in the 
bottom of the crust. A favorable place for failure is provided 
by proximity to a belt of clastic downwarping and to a region 
where the thicker oceanic crust gives way horizontally to the 
thinner sub-continental crust. Reduced volume compression in 
subcrust and consequent lessening of lateral support for the 
downward bulge of the sub-oceanic crust would provide condi- 
tions that favor the “slicing” off of the bulge through the. 
operation of compression creep. A fault plane starts to form 
near the flank of the bulge and slowly extends at a low angle 
to embrace a wide belt. of the lower crust. The lower part 
of the oceanic crust is slowly underthrust into the sub- 
. crustal region of reduced compression. The amount of linear , 
compression in the underthrusting layer will probably require a 
movement of a kilometer or more along much of the fault 
plane, which may be gradually extended thousands of kilo- 
. meters horizontally. Plutonic earthquakes will accompany 
the movement and heat from friction will be developed in enor- 
mous quantities. Heat would cause liquefaction along the fault 
plane if movement were rapid enough. On the other hand, if 
movement were sufficiently slow, no melting would result, but 
" the similar quantity of heat developed would lead to thermal 
. expansion of rocks above and below the fault plane. 

When the horizontal compressive stress is released from the 
bottom shell, this layer becomes a part of the subcrust in the 
sense that it joins the region governed by volume rather than 
linear.compression. Owing to the vagueness of quantitative 


* Jeffreys, H.: 1985, "Earthquakes and Mountains,” p. 164. 
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data the writer sees'no means of approaching an estimate of 
the thickness of the shell involved in the initial failure. It 
may be a thick shell representing a lerge fraction of the 
crustal thickness or it may be a relatively thin shell If the 
latter, it seems likely that the bulk of the crust will be involved 
in a succession of failures of a number of layers from the bot- 
tom outward. Each failure would be accompanied by plutonic 
earthquakes ahd important héat generation. Whatever the 
manner of failure, the sum of expected effects is that the 
relatively incompressible bulk of the crust accommodates itself 
to horizontal compression by underthrust faulting. More- 
over, this compressive stress is largely released before the more 
compressible outer shell of rocks has its strength seriously 
taxed by the same compression. 

Eventually the more compressible outer shell of the earth 
must succumb to the great horizontal stress induced by thermal 
contraction. When it yields it will act as a unit and its various 
parts will migrate differentially over deeer rocks which have * 
lost most of the horizontal compression. The common estimate 
from data on the strength and compressibility of abundant 
rocks is that the crust suffers a circumferential shortening of 
40 to 50 kilometers before failure is required. Other factors 
may reduce this estimate. However, the linear compression 
in the outer shell is of a magnitude to require that when failure 
ensues, movements of the outer shell toward the places of failure 
wil be through distances of at least a few kilometers. The 
thickness of this outer shell is problematic and is probably 
variable in time and place. The initial failure is expected 
to be near the surface along a low-angle overthrust fault. 
The first movement wil be relatively rapid. Later move- 
ments, controlled by compression creep, wil be slower. 
The overthrust fault plane will be gradually extended and 
will become more and more horizontal. Eventually it 
will reach the bottom of the compressed outer shell, along 
which it is expected to grow horizontally until the com- 
pressive stress is largely relieved from the entire shell. Wide 
regions are accordingly involved. The frictional heat devel- 
oped in the forced sliding of a thick sheet of outer crust over 
a now static lower crust is looked on as a probable means of 
producing magma in shallow levels. An attempt is made in 


1* Jeffreys, H.: 1985, “Earthquakes and Mountains,” p. 145. 
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Fig. 1 to give diagrammatic expression of the mechanism which 
has been described. i 


GENERATION OF MAGMA FROM FRICTIONAL HEAT. 


Failure of the outer shell of the crust in the manner des- 
cribed implies the movement through several kilometers of 
enormous masses of unknown but considerable thickness which 
cover areas equal to a large-fractior of the earth's surface. 
Heat must be developed in enormous cuantities along a nearly 
horizontal fault plane. P. G. Nutting’ provides a formula 
for the estimation of heat generated in overcoming friction , 
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. Fig. 1. Section of the earth's crust about 6,000 kilometers long and from 
600 to 800 kilometers thick. The thinner continental crust to the left shows 
elastic downwarping in the change from the broken to the solid lines. A 
continuation of the broken lines into the region to the right depicts the 
^ thicker sub-oceanic crust before deformation. The underthrust portion of 
the major and deeper part of the crust is surrounded by solid lines. The 
same total effect might be produced by a number of underthrust slices sug- 
gested by the broken lines in the same portion. The later overthrust of the 
outer and lesser part of the crust is indicated by the long arrow. The 
underlying row of arrows marks the bottom of this overthrust slice, and 
at the same time shows the horizon in which megma is expected to be formed 
from frictional heat. Change in elevation at the surface, brought about by 
thermal expansion and perhaps by crustal thickening due to underthrusting, 
is suggested by the change from the broken to the solid line over the region 
to the right. The scales of downwarping, of -hermal expansion and of the 
thickness of the outer, overthrust layer are exaggerated. 


between rock surfaces. Following his data, a rock layer thick 
enough to exert a pressure of 1,000 pounds per square inch, 
when displaced a distance of 1 centimeter horizontally over 
a similar rock surface, develops 0.33 calorie for each square 
centimeter of the frictional surface, or enough heat to raise the 
temperature of a layer of ordinary rock 1 ‘centimeter thick 
0.8 degrees C. If this formula were applicable for the horizon- 
tal displacement through 1 kilometer of an outer shell 60 kilo-’ 


22 1929, “Deformation and Temperature,” Jour, Wash. Acad, Sci, Vol. 
19, pp. 109-15. 
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meters thick, a rough calculation would show the generation 
of enough heat to warm and melt a thickness of more than 
200 meters of common rock. This result is valuable for 
showing the potentialities of. frictional heat in great earth 
movements, but the formula does not apply after melting is 
started. Other equations for determining mechanical heat 
would then be necessary, such as those used for viscous or plas- 
tic flow. 

The rate of the horizontal displacement of the outer crustal 
layer has a decisive influence in determining the amount of 
heat available for magma generation. Rapid movement would 
cause a sudden generation of magma and then only heat from 
friction in viscous flow would be available. In the same rapid 
movement the latter source becomes increasingly small with: 
the decreasing viscosity following rise of temperature. If. 
_movement were slow enough, on the other hand, frictional 
heat would be removed by conduction and magma generation 
prevented. That movement may be too slow to allow fric- 
tional heat to overwhelm losses by conduction is shown by the 
absence of magma in extensive overthrust fault planes in 
shallow levels. However, projection of these same places 
into distant and deeper regions might well spell magma gener- 
ation. Deformation is slow, even in critical periods, so that 
the thermal insulation provided by burial to depths of a few 
tens of kilometers becomes an important factor. 

With the failure of the cuter shell local movement near the 
- place of failure is expected £o be relatively rapid. Magma will 
form and resistance to compression creep accordingly will be 
lessened in more distant areas, so that the fault plane is 
extended and the sheet of magma expands more or less in pace. 
Various conditions surround different parts of the fault plane. 
In one place melting may be resulting from solid friction. In 
another heat may be generated in viscous flow or even in plas- 
tic flow of highly heated msterial. Except locally and during . 
brief periods it seems unlikely that viscosity will be so low that 
considerable heat will not be produced in viscous flow. Slow 
movement favors the formation of much highly viscous material 
rather than of small quantities of superheated liquid. More- 
over, viscosity is known to increase enormously under confining 
pressures expected at depths of a few tens of kilometers. A 
displacement effected through flow in highly viscous material : 
will probably produce a large fraction of the heat expected 
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when the movement is effected against solid friction. It appears 
&ccordingly that there are great potentialities for magma gen- 
eration along deep fault planes. 

With the establishment of a‘:widespread sheet of magma 
beneath the creeping outer shell of the crust, fresh possibilities : 
arise for the creation of further important quantities of magma 
from the héat of friction. It was indicated in earlier pages. 
that the'heat generated along the widely extended underthrust 
fault or faults is expected to cause notable thermal expansion 
‘of the thick crust both above and below the levels: of failure. 
It was suggested also that elevation of the surface might result 
from thickening of the crust due to underthrusting. A rough 
estimate will show, however, that the thermal effect alone is ` 
. probably sufficient to cause a surface elevation of a few hundred 
, meters. This elevation implies the creation of a “head” above 
the level in which magma is later formed by creep of the outer 
crustal layer. A wide region, corresponding to a large frac- 
tion of the earth’s area, if it has a “head” over surrounding 
regions and overlies a more or less continuous sheet of magma, 
. will tend to subside and to drive the magma horizontally into 
surroundings with lower “head.” The energy of subsidence 
is enormous and a small fraction of it converted into héat would 
account for the generation of great quantities of additional 
magma. The mechanical equivalent of heat from subsidence 


+ of a layer about 60 kilometers thick through a distance of 100 


meters is roughly: equal to the amount needed to melt a layer | 
of rock 180 meters thick or to warm and melt a cool layer 
. 80 meters thick. It is not.implied that all this heat is available 
for melting. However, with the degree of viscosity expected at ' 
great depth and in company with slow movement a large 
fraction of this mechanical heat may. well be expended in the 
Euren of additional magma." 


SUMMARY OF HYPOTHESIS AND AN INDICATION OF 
. ITS BEARINGS ON GEOLOGICAL PHENOMENA, 


Thermal and seismological evidences of strength into depths 
of ‘several hundred kilometers suggest not only a crust of 
corresponding thickness but that the earth is a cooling body 
as well. A cooling earth will suffer two kinds of thermal dis- 
tortion. One of these leads to crustal failure ‘and results from 


* DeLury, J. S.: 1982, “Magmas from Subsidence,” Amer. J our. Sci, Vol. 
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symmetrical cooling by more or less equal conduction along all ' 
radii and a consequent volume shrinkage. Another kind of 
distortion is possible from exceptional and local heat losses or 
gains which may he reflected at.the surface by changes of eleva- 
tion. Stresses caused by thermal contraction lead to failure 
and, require the movements of large masses of the crust against 
others and the consequent generation of important quantities 
of frictional heat. In the manner of failure predicted for the 
crust, the outer layer of considerable thickness is displaced 
horizontally through a distance of several kilometers against 
the friction of underlying fock. The frictional heat developed 
in this displacement causes liquefaction and the formation of & 
widely disposed sheet of magma.: Subsidence of the overlying 
layer leads to the generation of more frictional heat and an 
increased quantity of magma. A generation of magma in this 
manner in the shallower levels of the crust meets fairly the 
abundant compositional evidence that the largest masses of 
igneous rocks seem to come from magmas derived in these levels. 
There ts accordingly no need to appeal to differentiation of 
deep and inherited sources of magma to account for the forma- 
tion of the abundant granite batholiths. - 

In attempting to apply this hypothesis of crustal failure 
to an explanation of outstanding geologic events the many con- 
flicts of view in the field of tectonies present themselves. Space 
permits only a brief indication of its possible application to 
some of the major tectonic problems. 

In drawing Fig. 1 the writer had in mind the history of the 
Appalachian region. Downwarping without failure initiated 
the geosyncline, which during the Paleozoic era received a thick 
accumulation of sediments. An extensive borderland to the 
east, which supplied the bulk of these sediments, is related 
to the elevation caused by thermal expansion as shown in the 
Figure. When the outer layer of the crust failed, it moved 
against the weak sedimentary layers of the geosyncline and | 
deformed them. With subsidence of the borderland great quan- 
tities of magma were generated to move horizontally and finally 
upward to form the batholrthic core of the folded Appalachian 
mountains. ‘This succession of events on the Atlantic side of 
North America is fairly typical of the processes by which the 
continental mass has been narrowed and thickened into a rela- 
tively high-standing continent. However, the movements which 
Asia has suffered in the later geologic eras have opposite 
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effects. Apparently this continent is spreading outward. 
Accordingly, the mechanism of crustal failure is different under 
various regions. Other factors than those described in earlier 
pages and indicated in Fig. 1 may decide places of downwarp- 


ing and whether movements will be toward continents or ocean | 


basins. Again, a modification of the manner of failure deg- i a 


cribed may govern in oceanic areas. 


thrust which leads to "shortening" comes mainly from one 
direction. The present hypothesis seems to offer a reasonable 
explanation of this phenomenon, which presents obvious difficul- 
ties in the opposing concept of & relatively thin crust collaps- 
ing as a unit. Perhaps the most serious criticism that has 

been levelled at the thermal contraction theory of crustal 
— failure comes from the evidence that the amount of crustal 
“shortening” is too great to be explained by the theory. A 
related objection arises from the indications that important 
tensional effects, like normal faults, are produced more or 
less contemporaneously with compressional effects as viewed 
in folding and overthrusting. In other words, the crust is 
“lengthened” in some regions while being “shortened” in 
others. The writers hypothesis offers definite possibilities 
for the removal of these difficulties. 

Regional subsidence of an outer crustal layer creates magma 
and drives it forcefully into shallow mobile belts. Differential 
drag by the moving and viscous magma sheet may carry parts 
of the layer faster than others, leading to compressional effects 
in the mobile belt at the front and to contemporaneous tensional 
effects, such as stretching and normal faulting, in a wide 
region to the rear. The forceful intrusion of magma accord- 
ingly produces effects which may give an exaggerated impres- 
sion of the amount of crustal “shortening.” Similar effects 
are produced by differential flow in continental ice sheets and 
by the migration of rock salt from beds to form salt domes. 

The manner of failure indicated for the deeper part of the 
thick crust suggests an explanation of plutonic earthquakes. 
In fact, these quakes supply the best evidence as to the thick- 


ness of the crust. They are expected in all levels between: 


those of *normal" depth down to 700 or more kilometers. It 


is further anticipated that the “sense” of direction of move-. 


ment will be the same under wide regions and throughout long 
13 DeLury, J. S.: “Magmas from Subsidence,” loc. cit. 
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periods of time. In general, shallow quakes above the same 
regions are expected to show movement in an opposite “sense.” 

Further possible applications of the hypothesis can be barely 
indicated at this time., For example, it suggests an explanation 
of diversification of igneous rocks by mixing processes rather 
. than by differentiation. Intrusion is forceful in the main, 
; though local effects may suggest that it is passive. The sug- 
gésted correlation of deformation and intrusion agrees with 
the facts. The “sial” of continental masses is segregated by 
horizontally rather than vertically operating processes. Hence 
comes a plausible explanation of vast geographic changes and 
the baffing problem of past continental connections and sepa- 
‘rations. Adequate means are suggested for changes of eleva- 
tion. A fairly even distribution of mass around the earth is 
expected, but there is also room for the creation of important 
gravity anomalies. Confusion is added to the already confused 
thermal problem of the earth, but may lead eventually to its 
clarification. | 

The writer has avoided any attempt at minute accuracy in 
estimates of distances of displacement, of quantities of heat, 
etc. Data are too inaccurate to permit the use of anything 
but round numbers. However, the hypothesis is regarded as 
being on a sound qualitative and a reasonable quantitative 
basis. | | 
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A CARBONIFEROUS FLORA FROM THE. - 


 WAMSUTTA FORMATION OF SOUTH- i 
EASTERN MASSACHUSETTS 


ARTHUR S. KNOX. 


ABSTRACT. A few years ago a fossil flora was found in the Wamsutta 
red beds at South Attleboro, Massachusetts. The fossils apparently located 


in the upper part of the formation include ferns and other plants not : 
previously reported in these beds. They demonstrate that the upper part 


of the Wamsutta 1s contemporaneous with the Rhode Island formation, as 


suggested by Woodworth The age of this flora is probably lower 


Allegheny. 
INTRODUCTION. | 


HE Wamsutta formation of southeastern Massachusetts 
and northeastern Rhode Island consists mainly of inter- 
bedded red shales, sandstones, and conglomerates considerably 


folded and faulted. Stratigraphically these beds locally under- - 


_ lie the Rhode Island Coal Measures of Pennsylvanian age, and 

. in other places are interstratified with them. It was the 
opinion of J. B. Woodworth' that the Wamsutta is contem- 
poraneous with the lower part of the Rhode Island formation. 

The relationship of the Wamsutta formation to the other 
rocks in the northern part of the Narragansett Basin is shown 
in the following table largely based upon the stratigraphical 
studies of Shaler, Woodworth, and Foerste.? 


Edward Hitchcock? and C. H. Hitcheock* both considered 


the Wamsutta to be Devonian or equivalent to the Old Red 
Sandstone; others considered these rocks to be Silurian and 
even Triassic. Logan and Hall? however, mapped them as 
Carboniferous. 'The discovery by Persia! of Calamites impres- 
sions in red shales at North Attleboro, Massachusetts in 1887 
definitely proved that the red beds in this area at least are of 
Carboniferous age. Besides Calamites a Cordaiies was found 
in these beds, and probable Sigillaria and Calamstes were dis- 


.1 Woodworth, J. B., N. S. Shaler, and A. F. Foerste: 1899, Geology of 
thé Skis eiui da Basin, U. S. Geol. Surv. Mon. 88, p. 159. 

R cit., p. , 

. Hr. E.: 1841, Final report on the geology of Massachusetts. 

* Hitchcock, C. H.: 1871. 

£ Logan and Hall: 1865, —— Atlas. 

* Op. cit., pp. 141, 158. 
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7 TABLE i. ' i | 
Stratigraphical succession of the rocks in the northern part of the ` 
Narragansett Basin. 


Pleistocene and Recent Glacial, lake, and marine deposits 
Unconformity 











Dighton fm. (Cd) ^'^ Conglomerates and sandstones 
(1,000-1,500 feet) ; 


Westville shales 


Seekonk sandstones and 
conglomerates 


Rhode Island fm. (Cc) ‘Tenmile River sandstones and shales 


Coal Measures . Mansfield coal beds 
(10,000 feet) 








Cranston coal beds 


Sockanasset sandstones and 
conglomerates 


Carboniferous 


Pawtucket shales 


Shales, sandstones, and conglomer- 
Wamsutta fm. (Cw) ates, mostly red in color, with 


(1,000 feet) interbedded felsites, melaphyres, 
and some limestone 
Pondville fm. (Cp) Conglomerates and arkose 


(100-500 feet) 
Unconformity 


PreCarboniferous Granite, Cambrian and pre- 
Cambrian sediments 


covered in rocks cda to be Wamsutta further north 
in the Norfolk Basin?  . 

Besides plant fossils, amphibian footprints have been 
reported from the red beds in the vicinity of South Attleboro, 
Massachusetts. | 

These fossil remains, however, are so scarce and so poorly 
preserved that outside of determining the age as Carboniferous 
they cannot be used as horizon markers or for determining 


* Crosby, W. O., and G. H. Barton: 1880, Extension of the Carboniferous 
formation in Massachusetts, Amer. Jour. Scl, 8d Ser. Vol. 20, pp. 416-420. 

Woodworth, J. B.: 1894, Carboniferous fossils in Norfolk County Basin, 
Amer. Jour. Sci, 8d Ser., Vol. 46, pp. 145-148. 

* Willard, B. and A. B. Cleaves: 1980, Amphibian footprints from the 
Pennsylvanian of the Narragansett Basin, Bull Geol. Soc. Am, Vol. 41, ` 
pp. 321-827. 
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the relationship of the beds in which they occur to the Coal 

. Measures proper. l 

.. A few years ago a new fossil plant locality was discovered 
in the Wamsutta beds in a road cut at South Attleboro, with 

a flora that has an important bearing on the relationship of 
these beds to the Rhode Island formation. The flora consists of 
several species of identifiable plants, including ferns, not pre- 
viously reported from these beds. The study of this flora 
showed that Woodworth was correct in considering the Wam- 
sutta, at least in part, contemporaneous with the lower part ' 
of the Rhode Island formation further to the south. 


THE FOSSIL LOCALITY. 


The locality from which the Wamsutta flora described in this 
paper was obtained is near the town of South Attleboro about 
two. miles south of Hoppin Hill in a road cut along Route 
U. S. 1 (latitude 41° 5614, longitude 71? 21’), in the same 
' region where the amphibian tracks were discovered. The sec- 
- "--tion of red rocks here exposed is as follows north to south: 


7 ‘Section through fossiliferous rocks at South Attleboro. 


— | | Feet 
‘Concealed northward 
Coarse sandstone ........... A E E E 9 
Conglomerate cuicos MURS AS 11 
Sandstone dra 0 
Conglomerate .............. Aui AES UE 11 > 
Shale with fossil plants .................. 2 
Sandstone 22 sew ARDREE ESO Ur RUE 7 
Conglomerate: »oloporE EXHI ads 20 
Concealed southward l 

Toal AAA A 66 


Although these beds show considerable cross bedding the 
general dip is about 85” to the northwest. A study of the 
outcrops in the vicinity revealed that the horizon at which the 
fossil plants were found is stratigraphically several hundred 
feet below the top of the formation and above the felsite flows 
outcropping in the vicinity. It appears to be somewhat about 
the middle of the Wamsutta series exposed in this region. 
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The following is a list. of the fossil plants found here: 

Annularia stellata (Schl.) Wood 

Calamocladus longifolius (Stb.) Brgt. 

C. equisetiformis (Schl.) Brgt. 

Calamites suckowi Brgt. 

Pecopteris sp. - 

Neuropteris cf. N. rarinervis Bunb. 

Sphenopteris valida Daws. 

Sphenopteris sp.. 

Oligocarpa splendens Daws. 

Cordaites cf. C. robbii Daws. 

Cordaites cf. C. communis Lx. 


Sigillarian leaves 


'These fossils are practically all restricted to the bed of red 
shale. Although a careful search was made for fossils in the 
associated beds and other outcrops in the vicinity, only traces 
were found. 

There is very little carbonaceous material present, the 
remains of the plants being mostly impressions of stems and - 
leaves. The more delicate fossils would be easily overlooked 
except for the fact that the carbonaceous material that was 
originally present has bleached the sediments and as a result. 
the impressions in many cases are lighter in color than the 
surrounding matrix. 

At the base of the shale layer impressions of Cordastes 
leaves are extremely abundant. Higher up the fossils are less 
common, but the remains of leaves and stems of Calamites - 
together with ferns and other plants are of frequent occur- 
rence. It was noted that some of the leaf bearing branches 
of Calamocladus extended for several inches through the shale 
at right angles to the bedding. A cast of a Calamites stem was 
found which extended directly SEEMS from the shale into the 
overlying conglomerate. 

The distribution of the plant remains warrants the &ssump- 
tion that they grew at or close to the place of burial. ‘The 
delicate character of some of the ferns precludes the possibility 
of these remains having been transported any great distance. 
Furthermore the upright position of a number of the fossils 
indicates not only that they are in situ but that burial was 
rapid. 

Associated with the fossils in the upper portion of the 
shale layer are occasional red clay concretions or mud balls 
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ranging in:size from one to three inches in diameter. They 
contain no calcareous material and there are no apparent nuclei 
about which they might have formed. The color and texture 
of these masses are the same as those of the shale in which 
they are imbedded. Most of them have growth layers as if they 
had been formed.by being rolled along over a soft clay bed. 
Some showed evidence that two or more of these masses had 
coalesced during their formation. . 
These facts together with the changeable character of the 
' sediments, the presence of cross bedding, current marks, occa- 
sional rain drop impressions and mud cracks, amphibian tracks, 
and the complete absence of marine fossils suggest. that the 
Wamsutta formation is in part a piedmont deposit on which 
were local temporal ponds and marshes where plants were 


. able to grow for a time until destroyed by flood conditions. : 


This idea would account for the scarcity and localized occur- 
rence of fossil remains in these beds. 


THE RELATIONSHIP OF THE WAMBUTTA BEDS TO THE 
RHODE ISLAND COAL MEASURES. 


The presence of red beds interstratified with carbonaceous 
sediments of the Rhode Island Coal Measures along the margins 
of the main areas of the Wamsutta formation in Massachusetts 


and Rhode Island led Woodworth to believe that the Wamsutta: 


'was in time equivalent to the lower part of the Rhode Island . 


formation. Around Pawtucket, Rhode Island, the Coal Meas- 
ures are stratigraphically below the red beds, but south and 


west of this area the red rocks disappear in the coal bearing , 
sediments.” From these relationships Woodworth considered : 
that the Pawtucket shale, apparently near the base of the * 


Rhode Island formation, is in position lower than the southern 
continuation of the Wamsutta beds. 

The relationship of the Wamsutta to the Rhode Island Coal 
Measures as interpreted by Woodworth is shown in Fig. 1. - 

The fossil plants from the Wamsutta red beds at South 
Attleboro seem to indicate that this interpretation in the main 
is valid. Although the number of species so far found in this 
formation is small compared to those in some of the beds of 
.the Rhode Island Coal Measures, they are numerous enough 
for correlation. 


? Shaler, Woodworth, and Foerste: op. cit., pp. 147-148. 
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Table 2 shows the distribution of the fossil plants of the 
Wamsutta in the Rhode Island formation as determined by Dr. 
Edna Round.? It is immediately apparent that the flora 
from South Attleboro is strikingly similar to those from the 
Pawtucket shales of Valley Falls, a suburb of Pawtucket, and 
Pawtucket proper. Of the ten probable species from the Wam- 
sutta, eight are found at Valley Falls, while five are from Paw- 
tucket. Of the remaining localities where Rhode Island Car- 
boniferous plants occur, the great majority have less than 
three species common to the red beds, although they include 
some of the most productive fossil plant areas. 

It seems from these facts that the horizon from which the 


SITE BITE . SITE 
oF or er 
W. SLATTLEBORO S.ATTLE BORO PAWTUCKET S. 





th 
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F 
TUN 


SCALE 
t ¢ 1 1 J Miles 


. Fig. 1. Relationship of the Wamsutta formation (Cw) to the Rhode 
Island formation (Cc) in the vicinity of Pawtucket, R. I. Cp, Pondville 
conglomerate. Modified after Woodworth. 


fossils were obtained in the Wamsutta is approximately of the 
same age as the Pawtucket shales and that the upper part of 
the Wamsutta formation is contemporaneous with the lower 
-part of the Rhode Island Coal Measures. However, it is 
questionable whether or not the entire series of red beds is 
in time equivalent to the Rhode Island formation. 

At Plympton, Massachusetts, at the extreme eastern margin 
of the Coal Measures, there is an area of felsite similar to that 
found in the Wamsutta beds around North Attleboro and 
Diamond Hill, Rhode Island." Although their relationship 


10 Round, E.: 1824, Correlation of the fossil floras of Rhode Island and 
New Brunswick, Bot. Gaz., Vol. 78, pp. 116-118. 
: 1927, Correlation of coal floras in Henry County, Missouri, and 
the Narragansett Basin, Bot. Gaz., Vol. 88, pp. 61-69. 

11 Baton, H., N.: 1925, Structural relations of the igneous rocks of the 
Wamsutta red beds, Massachusetts (Abs.), Geol. Soc. Am. Bull, Vol. 86, 
pp. 165-186. 
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to the it imd is obscure, Woodworth inter- 
preted this to mean that the outflowings of felsite occurred , 
about the same time that the first Carboniferous sediments 
were being deposited in this area. ^ He noted the similarity of 
the occurrence and character of these felsites to those around 
Boston and suggested that they may be of the same age. 

Around South Attleboro the felsites in the Wamsutta came 
after the deposition of the Pondville conglomerate and after the 
red beds had begun to accumulate, but before the appearance 
of the Coal Measures in this section of the basin. It thus 
appears that the lower part of the Wamsutta may be of the 
same age as the lowermost beds of the Rhode Island formation 
or it may be somewhat older. 


AGE OF THE WAMSUTTA FLORA. 


Doctor Round has noted the similarity of the species of 
plants found in the Rhode Island Coal Measures to those of the 
Fern Ledges of New Brunswick, and the Cherokee shales of 
Missouri. It is noted that some of the most common and 
widespread species in the Rhode Island formation are commonly 
found in the Fern Ledges. These New Brunswick beds have 
been considered to be Pottsville, although Stopes*® believes 
they are somewhat higher and equivalent to the lowest zone _ 
of the middle Westphalian of Europe, or the lower Allegheny 
in the eastern part of this country. 

On the other hand over 50 per cent of the species found in 
the Rhode Island area are common to the Cherokee shales of 
Missouri of lower Pennsylvanian age. These were thought by 
White!? to be equivalent to the upper Westphalian of Europe, 
or the middle and upper Allegheny in eastern United States. 
According to the most recent data*’ the Cherokee is considered 
to be lower Allegheny and late Pottsville. It thus appears 
that the Rhode Island Coal Measures in general are probably 


18 Shaler, Woodworth, and Foerste: op. cit., pp. 116, 155. 
13 Op. cit. ' 
14 White, D.: 1901, Some botanical aspects of the Upper Palaeosoic in 

Nova Scotia, Can. Rec. Se, Vol. 8, pp. 271-280. . 

15 Stopes, M. C.: 1914, The Fern Ledges, Carboniferous flora of St. John, 
N. B., Can. Dept. Mines, G. S., No. 88, Memoir 41, pp. 1-142. 

12 White, D.: 1899, Fossil flora of the Lower Coal Measures of Missouri, 
U. S. G. S. Mon. 87, pp. 1-807. 

17 Schuchert, C.: 1948, Stratigraphy of Eastern and Central United States, 
New York and London, p. 687. 
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lower or middle Allegheny, and that the upper part .of the 
Wamsutta red beds from which the fossil plants were obtained 
and which appears to be equivalent to the lower part of the 
Rhode Island Coal Measures, is most likely to be from the data 
at hand of lower Alleghény age. 
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THE PERMIAN COTYLOSAUR DIADECTES 
| "TENUITECTUS. | 


ALFRED SHERWOOD ROMER. 


ABSTRACT. A skeleton of the Permian reptile Diadsotes temuitectus 
from the Clear Fork group of ‘Texas is described and figured, with par- 
ticular regard to the atlas-axis complex n the fused astragalo-calcaneum. 


T pEr — of the Pirmo Catala reptile Diadectes 

is well known in many regards, due to the work of Cope, 
Case, Williston and other writers. Most of the material des- 
cribed, however, has been obtained from the lower fossiliferous ` 
beds of “Texas, those of the Wichita group; little is known of 
the representatives of the genus in the later Texas horizon, 
the Arroyo formation of the Clear Fork group. The skeleton 
discussed below (No. 1085, Museum of Comparative Zoólogy) 
is from the Clear Fork and is thus not without interest. 

The specimen was collected by Sternberg in 1882, during 
his. first trip to Texas.* It had, however, lain unnoticed in the 
Harvard collections for nearly half a century until in 1929 . 
it was rediscovered and then prepared and mounted for exhibi- 
tion. It is now being remounted in panel form; this has made 
it both possible and necessary to inquire into its anatomy. 

The exact place of collection is unknown, but it is certainly 
from the Arroyo formation and presumably from the Coffee 
Creek region of Baylor County, Texas. From this horizon 
were, apparently, derived all the materials collected by.Stern- 
berg at that time, and most of his finds were from Coffee Creek. 

The skull is imperfect, the region posterior to the orbits 
having been lost except for the basioccipital region and imper- . 
' fect quadrates. The jaws are nearly completely preserved. - 
The dentition is: poorly preserved, with little of the crown of 
the “molars” remaining. The jaw rami have a length of about 
28 cm. From the guide given by the position of the jaw articu- 
lation, the length of the skull can be estimated as having been 
approximately. 24.5 cm. Other described Clear Fork skulls 
are the type of D. huenei, which is of about the same length 
` (25.8 cm.),* and the type of “Bolbodon” tenuitectus which is 
2 Sternberg, C. H.: 1909, The life of a fossil hunter, pp. 205-229. 


2 Broom, R.: 1914, Some points in the structure of the diadectid skull.. 
Bull. Amer. Mus, Nat. Hist, XXXIII, p. 110. 
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28.4 cm. in length.) The size of these skills | 18 condire 
above that of the other Texas diadectid skulls described from 
various localities in the Wichita group, as may be seen by 
the comparative figures on dentitions given by Broom.* Our 
specimen is presumably cospecific with D. huenei and this in 
turn with the earlier described D. maximus, founded on verte- 
brae from this horizon? “Bolbodon” tenuitectus seems quite 
certainly to be a Diadectes from the same horizon, which has ' 
x ^ priority over the other two available names. The size differ- 
-ences are not great. The presumed specific character of 
D. _tenustectus is the thinness and lesser degree of sculpture of 
~ the cranial roof elements in that form. Because of imperfec- 
tions in our skull close comparisons cannot be niade; however, 
`, these features are not improbably to be associated with age and 
sex differences. I believe that all Clear Fork diadectid material 
should be assigned to Diadectes tenustectus until valid specific 
differences are available. 
_ Twenty-one presacral vertebrae are El including sev- 
eral series of articulated elements, but with a number of breaks, 
so that the presacral count may have been somewhat higher. 
. "The sacrals are represented by their centra, and there are 11 . 
^y "eaudals present—not, however, articulated. The centra are 
"in general well preserved, but the neural spines are without 
exception broken off and relatively few are present. Typical 
dorsal and lumbar vertebrae average about 4.5 cm. in length; 
anterior dorsals are slightly shorter. The transverse diameter 
of mid-dorsal centra (taken at the end of the centrum) aver- 
ages about 5.0 cm. The height of the vertebra to the zyga- 
pophyses is 5.6 cm. in an anterior dorsal, and 5.0 and 4.8 cm. 
in a typical mid-dorsal and lumbar respectively. The width 
across the zygapophyses i in the same regions is 11.7, 10.4, and 
12.8 cm. 
+ Except for imperfect spines the first three vertebrae are pre- 
served in articulated fashion. With spines restored and a few 


slight details added from other material these vertebrae are. 


shown in Text Fig. 1. There is a facet on the atlantal neural 
arch for a pro-atlas, but that element is not preserved.? Presum- 


* Case, E. C.: 1911, A revision of the Cotylosauria of North America. 
Carnegie Inst, Washington, Pub. No. 148, p. 28. 

* Broom, R.: 1914, op. cit, p. 110. . 

“Romer, A. S., and Byrne, F.: 1981, The pes of Diadectes. ‘Palaeobio- 
logica, IV, p. 26 i 

* Cf. Olson, E. C.: 1986, Dorsal axial muscnlature of certaln primitive 
Permian tetrapods. Jour. Morph, LIX, Fig. 8. 
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ably correlated with the maturity of the individual, there is & 
high degree of fusion of elements in the atlas region, in con- 
trast to the discrete arch and centrum figured by Olson. 'The 
atlantal neural arches have the characteristic shape seen in 
many other early reptiles, a slender process passing backward 
and upward on either side of the base of the axial spine, and 
with a facet facing downward for articulation with that ele- 
ment. The base of the arch on either side is expanded, bears 
& distinct raised circular facet for the rib tubercle, and anteri- 


orly forms with the adjacent intercentrum a deep subeir- 
cular socket for the skull condyle. Ventrally and posteriorly. `- 
the arches are fused to a mass of bone which extends backward ^: — 


without break to the axis centrum and bears on either side two ` 
facets for rib attachments. It is obvious that this mass: 

includes both intercentrum and centrum of the atlas and the - 
axial intercentrum as well. Faint rugose lines, shown in our 
figure, appear to indicate the position of sutures between the 
elements. These, if correctly interpreted, indicate that the 
major ventral portion of this fused mass consists merely of the 
two intercentra, and that the atlantal centrum failed to reach 
the ventral surface of the column (cf. the pelycosaur Ophia- 


codon), being represented bv only a small postero-dorsal por- `.. 


tion of the fused mass. ] 
As noted, the spine of the axis is not preserved. The arch’ 





Fig. 1l. Diagrammatic restoration of the first three vertebrae. x 1/8. 

Fig. 2. Sketch to show assumed relations of astragalo-calcaneum (AC) 
to adjacent elements. ‘The tarsals are restored as if completely. ossified. 
C, C, Centralia; F, Fibula; T, Tibia, 1-5, distal tarsals. 
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bears an oval rib facet. Ventrally, the centrum is thin antero- 
posteriorly, with a pronounced median ventral pit at the ante- 
rior margin. Tre Diadectes axis, as noted elsewhere, is well. 
represented by the isolated type vertebrae of Metamosaurus.” 
The third intercentrum is large and appears to be fused to 
the centrum. 

A considerable amount of rib material is present, bu: for 
the most part disarticulated. Atlantal and axial ribs are 
present and articulated. Both are slender, although flattened 
and slightly dilated distally, and are distinctly two-headed. 
The first measures 82 mm. in length; the second is incomplete. 

Of the shoulder girdle there are only fragmentary remains. 
The left side of the pelvis, of characteristic diadectid form, 
is well preserved. Its height is 21 cm., its length 26 cm. ; the 
length of the iliac blade is 10.5 cm. The humeri are Ret EN 
imperfect in the “shaft” region. As restored, the measure- 
ments are: length, 28.5 cm., proximal width 10.5 cm., distal 
width 16.2 cm. Radius and ulna are nearly complete. "The 
radius has a length of 18 cm., proximal width 6.7 cm., distal 
width 7.2 cm.; the ulna has a length of 18.8 cm., width across 
articular region 7.8 cm., distal width 6.1 cm. Except for the 
proximal end of one tibia, the major bones of the hind legs are 
well preserved. ‘Their measurements in centimeters are as 


follows: | 5 
' Femur Tibia Fibula 
Length .. ......... .. . . . . ... 22.9 16.2 18.9 
Proximal width ........... 10.4 8.2 6.0 
Distal width .............. 11.1 7.7 9.7 


These limb measurements exceed by 20 per cent or so those * 
of characteristic Wichita specimens. On the other hand, 
isolated elements of individuals of still larger size are occasion- 
ally found in the Clear Fork. 

It seems certain that in the case of Diadectes, as of — 
pelycosaurs studied in detail by the writer and Price, there was 


a steady increase in size within species phyla during that period `- 


of the early Permian covered by the Wichita and early Clear 
Fork deposits; a type of phyletic “drift” observable in the case 
of most common types throughout the history of vertebrates. 
It is unfortunate that the absence of fossil remains in beds 

" Romer, A. S., and Price, L. I.: 1940, Review of the Pelycosauria. Geol. 


Soc. Amer., Speclal Papers No. 28, p. 428. 
* Cf. for example, the figures given by Case, 1911, p. 88. 
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higher than those of the lower Clear Fork does not permit 
us to observe the end results of this.trend towards gigantism. 
-A considerable amount of ‘foot material was found, but 
unfortunately not articulated, so that identification is difficult. - 
.One pair of elements, however, is readily identified and well 
preserved—the fused astragalo-calcaneum (Text Fig. 8). 
, In the few previously described examples of diadectid foot 
remains, astragalus and calcaneum are distinct, as in early rep- 
tiles in general. Here, presumably in correlation with the 
advanced age of the individual, the two elements’ are almost 
indistinguishably fused. The condition suggests that in dia- 
dectids in general there was no motion possible -between these 





Fig. B. Right astragalo-calcaneum. A, dorsal; B, distal; C, proximal, 
and D, ventral aspects. x 2/5. 


bones, and it may be that even in cases where two separate 
ossifications are seen, astragalus and calcaneum were continu- 
ous in cartilage. The line of fusion is indicated by rugoósities 
along the region of sutural obliteration, and by the presence of 
the foramen for a perforating vessel; a. foramen represented 
in typical early reptiles by a pair of apposed notches on the 
two elements. 

The calcanear portion of the bone is a relatively thin plate, 
with nearly smooth upper and lower surfaces. Proximally 
there is a broad facet for the lateral portion of the fibula. 


P 7 
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D ; seen in ‘Pareiasaurs is seemingly similar to that here described :: 


+ 
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The lateral — is unossified. "The distal margin 18 occupied | 
by an articular surface whose principal contact was presum- 
ably with the fourth distal tarsal. A slight projection along... 
the dorsal surface of this margin suggests that the relatively 
smaller area ateral fe this point articulated with a fifth distal 
element. ` fe 


The, astragalar AA of the bonos is much — 7 Proxi- 


. $ 


£ 


mally jt bears an articular face for the fibula, continuous , 


ewith that above the calcanear portion; this face is turned 


somewhat dorsally as well as proximally. The lateral margin is 
covered in great measure*by a large oval surface upon which. 
the tibia was supported; this faces somewhat anteriorly and 
proximally as well as laterally. Ventral to this there is, as 
usual in early reptiles, a thickened rugose area presumably 
associated with muscle tendons. The distal surface'is occupied 
by an articular face for more distal tarsal elements, presum- 
ably two centralia. The medial portion of this surface is flat, 
the lateral area, close to the foramen,’ markedly convex and 
essentially hemispherical. 

Apart from the fusion of the elements, the structure is. 
‘essentially similar to that of the astragalus and calcaneum of 
captorhinomorph cotylosaurs. 

This, tarsal fusion is;of possible significance with regard to 


J— ihe, ¿zélatioriships of the diadectids. A similar situation is found 
E ip” “éertain later. reptiles: Rhynchocephalia and many Lacer- 


, tilia and Chelonia. Among early types it is found, however, 
"only; 4n, certain other cotylosaurs: the pareiasaurs and Teler- 
; petom, a ‘iniember of the procolophonid group. The structure | 


"in Diadectes, although Hartmann-Weinberg? believes the large? 
tarsal to include elements other than astragalus and calcaneum: * 
" Watson? believes that. diadectids, pareiasaurs and -procoló- 
phonids are related groups of cotylosaurs, which he unites 
as the Diadectomorpha. 'The tendency toward tarsal fusion 


. 3 


» 


Vs 


_ now seen to be present i in all three types is evidence Fupportng « a ; 


his conclusion. 


/ 


B&urlden. Anat. Anz. LX VII, S. 401-428. 


° Hartmann-Weinberg, A.: 1929, Ueber-Carpus und. Tarsus der Pareia- 


Uu 
* Watson, D. M. S.: 1917, A sketch classification of the Pre-Jurassic - 


—— vertebrates. Proc. Zool. Set Lond., 1917, p. 171. 
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^ ABSTRÁCT.- Doctor Siipeni criticisms are oppo ne pertinent and 


: "helpful, although partial, through being confined to the rôle of the mam“ 


mals, while ignoring the overshadowing geologic and tectonic evidence— — 


Tertiary and older. The Cretaceo-Tertiary Land-bridges of du Toit are the 
logical outcome of the Earth's stractur pattern whether Drift be admitted 


or not, and: must therefore be viewed”as essentially orogenic in character- 


and generally linear, narrow, impersistent and imperfect, partleularly 2 


during their later history. 


, Simpson has merely shown that such inter-continéntal linkages: could not 
have persisted as long, nor have permitted terrestrial migration’ as freely, . - 


' B8 believed, iu se has by no means disptaved the probability of: Continental - 


Lo e 


Drift, which has been based on a wealth of other evidence," much. of i — 
— the —* of the Mammals. - om - 


£ 


a A INTRODUCTION. AP SS AT 
RITICS ef "Continental Drift are apt to — that this 
conception—like the accepted science of Geology—is still 

being shaped and must experience revisions and. modifications 
during its evolution, more especially in regard to inter-con- 
tinental linkages during the Tertiary. They are equally liable 


to ignore the fact,that current ideas on such linkages are often 


unhelpingly vague and too frequently lack a strictly geologic 
basis. 

When hypotheses of Drift are being — it is essential 
that the particular scheme of. former continental spacing and 
movement be specified, since there is as yet no true consensus of 
opinion on the subject and several different systems have thus 
far been advanced: The. citations made from Wegener are 
usually from the English translat.on of the third German edi- 
tion of 1922, regardless.of the fact that several revisions have 


appeared thereafter, the latest being the French version, dated 
1937, of the fifth and last German edition, (9) In this latter the 


“Chapter | on Paleontologic and Biologic Arguments embodies 


much new matter as well es extensive quotations from recent 
literature, all of which the reader is earnestly invited to study. 
For: that reason Has particular àspect will only be dealt with 
SUN 
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T the' value io the problem, of spécialised: ICT PE 


‘the writer issued in 1937:an invitation to authorities to coóper- 


`. ate, a challenge which has. been: accepted by Dr. G..G. ‘Simpson, | 


|. speaking on behalf of Tertiary Vertebrate Paleontology. Ina: | 
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. trenchant article in Tux AMERICAN "jJ OURNAL OF SCIENCE 
+ entitled “Mammals and the Nature óf Continents,” he -has set 
* out to prove that the evidencé of mammalian distribution, while 


. limited in scope, and time, 1s adverse to hypotheses of trans- za 3 


_Oceariic or drifting masses, but favorable to current views of - 


- stable continents. In contravention it may be questioned whether 


the mammalia have not 'created amost.more m 
difficulties than they have solved. Even Matthew (3; p. 299) 1 is, 
forced to admit a discordance between the vertebrate and inver- -+ 


KC tebrate evidence. Regrettably they have been robbed of ‘much. 


of their value through their late appearance on the’ scene, well 


, after continental rupturing is deduced to, have, occurréd,. yet ^7 


‘while such supposed movements were in full swing. 
Since Simpson refers at length to the writers ‘particular . 
. views, but has at times failed to present them correctly, or has 


- omitted. their other: vital aspects, it becomes necessary to go. 


into greater detail. than would otherwise have been necessary, 
-so as to clear up ‘important, differences of statement or 
_ interpretation. +. 


. It is: true that paleontologists have thus far i shown any $ 


| ‘leanings! towards the new ideas and ‘seemingly remain, “ortho- 
-dox” in outlook, but - such is understandable for, as the 
writer remarked in 1927 (6; p. 118), “geological evidence” 
almost entirely. must decide the probability of this hypothe- 

' sis for those arguments based’ upor. zoó-distributiori are incom- 


petent' to ‘do so.”.. After studying Simpson's. paper and 


consulting those authorities cited therein that are available 


“ein South Africa, the author sees no reason for modifying 


that apparently ‘sweeping pronouncement. For argument, 
the finding- of identical mammalian species in, say, Madagas- - 
car and Rhodesia would merely indicate à former land: 
connection, but in the absehce of other information would | 


. not prove whether. Madagascar had at the time lain 10 or 1000 + 
. . miles distant from Africa^or had been. attached. thereto via B 


N atal, Mozambique, East Africa or Somaliland. Those common . 
fossils would only say “yes” ‘and “when, ” but not “where,” 

' or not with the. precision desired. Furthermore, 28 confrasted , 
-with other. methods, paleontologic comparison suffers from cer- 
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tain disabilities, as set forth, below. "Within those limitations 
excellent use can be made-of this valuable arm, and in the case 
of the mammalia, from the Eocene onwards. ' Perhaps the above 
may help to explain the remarkable paradox that, while paleon- ` 
tologists as a body aré antagonistic towards Drift, the pro- 


tagonists can claim that their views are-actually supported by — - 


. paleontologic data. For that matter Simpson has done signal 
service by pointing out serious errors not only in initial identi- 
fications or comparisons, but in the perpetuation of those mis- 
takes through lack of critical study of the original sources, in 
which the writer must incidentally admit to having shared. 
Study of the many, varied and conflicting opinions expressed 
by more than one generation of biogeographers reveals most 
strikingly the serious difficulties, surprises and dilemmas 
encountered by them, which collectively leave a strong impres- 
sion that some elusive, though vital, principle must have been 
missing from their particular ideas of past continental linking. 
It is more than significant that, of those welcoming the hypo- 
thesis of Drift, so goodly a number have been biologists. One 
of the exceptions is Matthew (8; pp. 202-9), who practically 
eliminates land-bridges and is, seemingly content to explain 
faunal relations on the Noah’s ark principle, though even so he 
runs into difficulties. The notion of random, and sometimes 
two-way, "rafting". across the wide oceans, which he favors,. 
evinces, however, a weakening of the scientific outlook, if not a 
confession of doubt from the viewpoint of organic evolution. 


PALEONTOLOGIO HANDICAPS. 


a) Paleontologic Record. The “imperfection” of the record 
is universally deplored: Everywhere, though more particularly 
in the southern lands, paleontologic knowledge has lagged, and 
. must continue to lag, far behind geologic. Not only are the 
terrestrial less known than the marine Tertiaries, but they 
haye been, as Matthew points out (8; p. 178), eroded from 
over wide areas, and the gaps in our. knowledge concerning 
their life must be considerable, whereas the corresponding 
marine faunas are relatively well known. Conclusions from the 
‘meager finds recorded must largely be tentative. Furthermore, 
unlike present-day life, the scanty vertebrate fossils have in the 
main been collected from few and widely separated deposits in 
which the recorded proportions of the determinable genera and 
species could be very different from their actual frequency in 
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‘nature. ‘Such assumes importance when faunal. resemblances 


+ 
4 


are tabulated on a percentage basis, as done by Simpson 


. (4; p. 20). The scantiness of such material cannot be over- 


looked nor the likelihood of unexpected: ‘discoveries that would 
appreciably modify current ideas. Negative evidence must be 
quite unreliable therefore. 

- b) Instability of Determinations. Although writing without 


., `| “special competence" in this field, the author has been struck 

‘by the fragmentary nature, of so much of the material labeled 
. generically or specifically, the periodic changes in nomenclature 
. brought about by subsequent revision, the departures i in opinion 
^ regarding affinities expressed by men of eminence, etc., so well 


exemplified by Simpson’s account of the history of Neoiragu. 
ceros (4; pp. 24-5). The observer is led to speculate inhow- 
far the genera and species listed to-day, and of course their 
affinities, would remain appreciably unaffected by future work. 
and better material. All this is apart from that fundamental 
question, which cannot be discussed, “What actually consti- 
tutes a Species?" 

c) Wrongful ascription. To the examples quoted by Simip- 


..8on can be added the incorrect identification of forms because 


of their association with admittedly related fossils. One 
example of outstanding importance will be cited, namely the 
recording by Amalitzky in 1899 of typical members of the 


-Glossopteris Flora together with “Karroo Reptiles” in the 


Permian of Russia, an association that has never been ques- . 
tioned, at least in print. While the Karroo affinities of the 
Russian vertebrates are beyond doubt, the writer’s examiriation 
in 1987 of several of the types identified as Gangamopteris and 
Glossopteris by Amalitzky, or of duplicates so labeled by him, : 
showed that those particular specimens, while outwardly very 
similar, yet failed to agree in their venation with those type ` 


.: : genera of the Glossopteris Flora. That Amalitzky should have ' 


been so misled is under the circumstances quite excusable, but 
this instance gives rise to speculation whether other analogous 


cases of paleontologic inexactitude might not exist unsuspected. 


d) Specific Determination. In the early days of research 
specific determinations in far-off lands were, and understand- 
ably, made with the well known forms of Europe. With prog- 


~. ress and the realisation of faunal-provinces, the institution of 


local species became inevitable, & policy which may perhaps 
have been overdone. A disturbing psychologic factor, which 


- 
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is quite distinct from the 'Dersotial equation? . must here be 
pointed out: namely the natural tendency to. compare new finds 
with material described from corresponding formations nearest 
to hand. It is probably difficult to keep this “distance factor” 


under subjection, since any tendency to make specific compari- = 


son with rather similar forms from half way round the globe. 
could so readily be regarded as incautious, with the contingency 


that the closer relationships of far-separated faunas might for >- 


long escape notice. In not a few cases again the more distant 
. faunas, particularly if the relevant literature be in some foreign 
language, are e liable to be overlooked, with the same ultimate 
result. 

With the continents viewed as no longer fixed, this aspect 
becomes one of actual concern, and indeed, if the feasibility of 
drift be conceded, reconsideration of the long-distance correla- 
tion of faunas generally would appear to be inevitable. Until 
a considerable amount has been done im that direction the exist- 
ing paleontologic evidence can be accepted only with reserve by 
those favoring drift. 


FAUNAL RELATIONSHIPS. 


The degree of similarity between any two faunas T 
ably presents great difficulties. , Simpson has exposed several 
. weaknesses in the writer's statements and arguments on this 
subject, some of which are irankly admitted, due primarily to 
the inherent tendency to stress the points of similarity for 
the very reason that the areas concerned happen to be so far 
apart to-day. Such relative accentuation finds a parallel when 
a paleontologist speaks of “highly fossiliferous Cambrian” 
when he means “highly fossiliferous for the Cambrian.” Simp- 
son criticises the writer’s statement “2) faunal differences at the 
ends of a link, as von Ubisch (quoted by Wegener) has pointed 
out, ought to be appreciable owing to the differentiation that 

must have occurred along the bridge itself, whereas a close spe- 
' cific relationship or even identity of forms may indeed charac- 
‘terise the life of the now-opposed lands,” in which certain, and 
not all, forms were so obvicusly indicated. He then says “If, 
as the logical alternative, he means to say that identical faunas 
have been found on separate continents, then he is even farther 
from the truth," thereby enlarging the idea of certain closely 
. specific or identical forms (not a) into one of identical 

‘faunal assemblages. 
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With no — to detract fm. the ini value of paléon- A 
_ tologic comparisons, but the weaknessés exposed in the preced- . 


ing section in-mind, a protagonist of drift may be pardoned for 
feeling some reasonable doubt whether the mathematical com- 


(4; p. 20), Arldt or others, are as real as he is asked to believe. 
The instance cited of the apparent lack of identical. species 
‘among the Triassic reptiles of Brazil and South Africa should 
not strictly be pressed in view of the limited amount of collect- 


ing, the high ratio of new genera and: species so far found, and - 


conceivably the “distance factor.” Even under the closest 


. parisons of similar or related species of distantly-spaced. ' | 
^ faunas, as compiled from current literature by Simpson 


~ 


fitting of the continents permissible, the’ distance between the 


two areas could not have been less than.1800 miles. 


"Accepting, ‘however, as a basis of discussion Simpson's per- 


centages (4; p. 20) as applied to faunal relationships, they 


but serve to emphasise the rapid falling off of specific similarities - 


with distance, even within the confines of a single landmass, a 
peculiarity which is quite well marked among the living faunas. 
With a long and narrow linkage the “con-specific ratio” falls 


. to a surprisingly low figure to become negligible or zero in 


, extreme cases, even when a past union of the particular lands 
happens to be indicated by other credible evidence. Striking is 


the lack of common species from among the closely allied Per- - 
: mian reptiles of Russia: and South Africa, areas 6500 miles | 


apart. 


Now the Cretaceo-Tertiary land-bridges PETER under 


Drift (see next. section) are essentially linear or arcuate, nar- 


. row and unstable, ranging in character, it is thought, from con- 
_tinuous corridors to isthmian links in the sense of Bailey Willis. 


In nota few instances. they would have paralleled Simpson’s ` 
Case D with.a community of families of 67 per cent, of genera | 
24 per cent and of species 5 per cent, while the respective per- 
. centages might well have been lower. In certain instances such ` 


bridges would have run with the Earth's climatic zones (Beh- 
. ring Strait; Central Atlantic) ; in others across them (Malaya- 
' Australia-New Zealand-Antarctica). For post-Eocene times 
HEN, could in general*have corresponded closely, with’ the 

“sweepstake routes" so aptly defined by Simpson. Even in the 
case of ,the Afro-Eurasiatic connections (Spain-Morocco; 


Egypt-Syria) the limited stratigraphic data are not neces- ' 


sarily in favor of wide bridges across the Mediterranean 
EE n 
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= des those — his Contanos that a far higher 
. proportion of common species should be detectable under Drift 
than is brought out by the recorded fossil mammalia, is greatly 
weakened. It may be questioned. too whether the mammals, by 
their very mobility and peculiar organisation, could be expected 
' to have migrated with the same presumed uniformity as the 
ancestors of the living lower orde-s— snakes, scorpions, earth- — 
worms, land and fresh-water mollusks, plants, etc.—which, 
because of their number and variety are surely of not less impor- 
tance in this problem, especially as their evidence proves to be p 
always in accord with that of the vertebrates (8; p. 299). 

his latest edition (9; Chap. VI) Wegener effectively 2 
authorities such as Michaelsen, von Ubisch, Okland, Huus, 
Jaschnov, Meyrick, Irmscher, etc., in those other fields. 

Despite criticism, the statement “Migration along a link need 
not be equally effective in both directions” (7; p. 294) is reaf- 
firmed; a cogent illustration being that of Russia and Southern 
Africa with similar reptiles, ampaibians 'and fresh water mol- 
lusks, but different plants.during the Permian. . Simpson admits 
(4; p. 17) possible selection during intermigration between con- 
tinents now separated, though anly along limited corridors. 
Conceivably, with only a very brief spell of linking, something 
rather like “one-way: traffic? could have -operated; of such 
Madagascar would have formed an example. 'The factors con- 
trolling migration must be extremely complex, and, in the case 
of crustal wrinkles thrust up from the ocean-bed or lavas and 
scoriae heaped up to above sea-level the laws of biologic spread- 
ing within continental areas might not hold good. With fixed 
continents round-about routes have often had to be postulated 
by biogeographers—to well within the polar circles some- 
times ; these, if biologically possible, must have tended towards 
the elimination of the'less adaptable forms, and thus towards 
selection. . 

Simpson has had to pass over the abundant non-mammalian 
life and thus ignore so much of tke very evidence that has com- 
pelled biogeographers to formulate their individual schemes of 
past land-connections. Of such living forms admittedly many, 
probably most of them, have as yet'no well known fossil repre- 
sentatives, although of high significance none the less. To . 
argue that such southern disjunctive distribution is due to 
colonisation from the north through forms not yet discovered 
in the Holarctic region, is neither scientific nor fair. Attention 
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can merely be drawn to the remarkable distribution of certain 
organisms, as done by Wegener and others, not forgetting their 
parasites (7; p. 294). The plants too have received insufficient 
attention, seeing that their thermal sensitivity makes them use- 
ful throügh indicating, for example, the difficulties inherent in 
the assumption that the cold temperate floras of. the southern 
continents, which show unexpected resemblances, must neces- 
' sarily have been derived from the Holarctic vegetation that 
. flourished north of the climatic barrier set by the wide Tropical . 
Zone. The same argument applies to the fresh-water decapods. 


LAND-BRIDGES. | 


The way df the bridge-builder is strewn with pitfalls. Simp- 
. son deplores that, opponent as the writer is of the numerous . 
land-connections of current conception, he (du Toit) has never- 
theless accepted several bridges differing from the latter, so it 
is stated, in no respects, and faulty-too in that they could only 
be broken once, whereas paleontologic — would suggest 
a repeated “make and break.” 

That is very far from being the case, since under the hypo- 
. thesis proposed by the writer- such connections—save. possibly 
in the extreme northern Atlantic—are viewed as having been 
' essentially of an orogenic kind, developed within restricted 
zones of lateral compression, produced by one crustal block 
impinging on a second, or else thrown up from an epicontinental 
_ sea or even from an ocean by marginal or advance folding in 
. front of & drifting block or blocks. Longitudinal tension 
and/or erosion, or sinking in the post-orogenic period, would 
have served to reduce and even to sever such connections. 'The 
geologic record is punctuated by such far-extended squeezings 
(7; p. 48), the Tertiary being in fact marked out by at least 
three world-wide compressive phases and interludes. 

This “segmental oscillation," which Simpson cannot accept, 
is written large, though in other characters, in the Tertiary 
fold-girdles, which should dispose of bis complaint that under 
Drift the *make and break," so rightly stressed by him, could 
. not have been cyclic. . Is such not perhaps Joleaud’s idea of the 
“accordion movement” -under a different guise? 

More important still is the fact that such “fold-” or “drift- 
linkages" have not been flung out at haphazard, but at spots 
and times closely fixed by the visible and dated crumplings of 
the.crust, and have not been conjured up, as Simpson would 
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hint, to explain actual or supposed resemblances of the ter- 
restrial life of the continents in question. Indeed the situations 
of such “bridge-heads” are regarded as pre-determined, their 
prolongations across the lands being in most cases actual major 
fold-ranges. Even under current views such fold-zones are 
regarded by a large body of geologists as persisting beneath 
the present oceans and as having at times in the past projected 
as island-chains along certain stretches thereof. Accepting 
. Drift, they are merely shorter to start with. It can be asked, 
and rightly, why, if such be the case, there should be. any 
recourse to Drift. The bitter fact is that current Geology, 
sublimely unconscious of its impotence, is wholly unable with 
the continents remaining fixed to account for the tectonics of 
those fold-zones in a physical, logical and convincing fashion! 
For an adequate explanation some drift would have to be 
“invoked. 

Of no less importance through ‘ruling out any bridge-head i is 
the presence along a coast-line of fringes of purely marine 
strata—or even their probable former presence, if adequately 
supported by other lines of evidence. As an example, the little- 
disturbed Lower Cretaceous to late Tertiary marines bordering 
the Southern Atlantic exclude from consideration lengthy 
stretches of African and American shores. On the contrary 
widespread unconformities or thick non-marine intercalations 
point to uplift and to possible temporary connections. Paleo- 
geographers have all too frequently overlooked such basic 
restrictions when locating their bridges. 

By the writer the Hypothesis of Drift is regarded as essen- 
tially established by the Paleozoic and early Mesozoic evidence; 
the rest is largely a logical corollary, which in the main is con- 
sistent in outline, but has not yet been worked out in detail, for 
that would be a mighty task. The continents are pictured as 
having proceeded to “part” during the later Mesozoic ‘as shal- 
low gulfs were extended into and between them under the initial 
crustal stretching, but actual rupture of the sial shell did not 
generally take place until the close of the Cretaceous, to pass 
through a series of climaxes during the Tertiary. Such should 
dispose of the erroneous idea that at the beginning of the Ter- 
tiary the continents were still usually in contact along their 
edges—making allowance for the widths of the continental 
shelves—with opportunity for-free biological migration. 

The true róle of the mammalia will be the fixing of land- 
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bridges not m the horizontal, but in the vertical plane, through 
revealing the uprisings and downwarpings of the crests of such 
linkages, themselves positioned by other, and -mainly older; 
criteria. 


THE NORTHERN CONTINENTS. 


That those lands, ‘including Africa and India, had some 
inter-migration during the Tertiary is proved by the mammalian 
evidence marshalled by Simpson and needs no stressing. His 
arguments (4; pp. 8-10) in favor of a connection across Beh- 
ring Strait are indisputable, while his recognition of its appar- 
) ently cyclic nature is in agreement with the known triple fold- 
ing that crosses from Siberia to Alaska, and 1s not in conflict 
therefore with the scheme of linking advocated by the writer 
c^ (7; pp. 186, 298). 

On the most vital part of the problem, namely the connection 
between North America and Europe, Simpson firmly opposes all 
bridges across the Central Atlantic but concedes some linking 
`. farther north, possibly of late date (4; p. 6). Now the bridg- 
- ing of this ocean, with a span of between 900 and 1500-miles _ 
across its narrower part, much of it over 1000 fathoms deep, 
while perhaps a simple matter for the biologist, is a far tougher 
‘proposition for the geophysicist, who cannot so readily admit 
the sinking of non-tectonic crustal blocks of that width in 
defiance of isostatic principles. Only a narrow linkage of either. 
. tectonic or volcanic origin can accordingly be visualised. Out- 


side the presumably local wrinklings of southern England and . . 


western Spitzbergen no relics of Tertiary fold-ranges are repre- 
sented along the North Atlantic, while the Tertiary faulting, 
‘e.g. Greenland and the British Isles, although common, is. 
nowhere to our knowledge of truly large vertical displacement. . 
Under current views the' only assumption remaining. would 
seem to be a volcanic chain extending say from the British, 
Isles via the Faroes and Iceland to Greenland and Canada. 
Under Drift the North Atlantic is regarded as having been 
‘widened by intermittent tension, a movement least and slowest 
in the north, with magma erupting from fissures produced in 
the stretching ocean floor, and building up piles of volcanic 
material that were in turn ruptured towards the close of drift- 
ing, a process that, may still be in progress. The problem is 
admittedly more or less equally explicable under theories of — 
stable or moving continents, but the latter has the merit of 
forming the logical consequence of a «particular scheme of 
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` Earth structure which seems to hold good for the pre-Tertiary 
eras. ‘The practical outcome, however, is that, when current 
views are applied to theZTorthern Continents, the assumptions | 
required are not any simpler, or more probable. from the geo- 

physical standpoint. 


AMERICAN-EURAFRICAN LINKAGES. 


Simpson’s exposure of the flimey nature of Joleaud’s paleon- 
tologic evidence for Tertiary Central Atlantic connections is 
welcome, and the writer candidly admits his lapse through cit- 
ing Gregory in this matter. All the same, the feasibility of 
double linkages, of an orogenic type, between Central America, ' 
Cuba and Spain and Venezuela and Morocco respectively dur- 
ing the Cretaceo-Tertiary, happens to be a consequence of the 
scheme of drift proposed and is furthermore independent of any 
paleontologic similarities between those four opposed continents. 

Those bridges are regarded as having been pressed up under 
the rhythmic approach of the North American-Eurasiatic and 
the South American-African masses, but lowered by lengthwise. 
tension under the westerly drift of the Americas as the meri- 
dional “rift” of the Atlantic widened. Their persistence above ` 
sea-level must have depended essentially on.the relative inten- 
sities both in space and time of the periodic but contrasted 
north-south compressions and east-west tensions. The shallow- 
water marine faunas of those latitudes show that for the earlier 
Tertiary the state amounting t» a line of submarine ridges 
was undoubtedly attained, while certain resemblances in the 
terrestrial life, referred to. below, suggest that the state of - 
island-chains, or even of isthmuses, was reached. The feasibil- ` 
ity of effective transoceamic connections after the Miocene was, 
however, doubted by the author (7; p. 204) and he should 
therefore have ruled out as a possible migrant so much younger 
a genus as Hipparion. South Africa has nevertheless yielded 
Hipparion-like teeth, though their specific characters would 
appear not incompatible with a northern derivation. While the 
affinities of the mid-Tertiary fauna of South-west Africa are - 
according to Stromer with North and Central Africa, the 
specialized hyracoid Protypotheroides 1s allied to the Miocene 
Protypotherium of Patagonia. 

Conceding these two structural "fronts"— Central America- 
Spain and Venezuela-Moroeco—approaching each other while . 
being stretched unequally at their western ends, accompanied 


t 
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“by there attendant advance and diagonal folds, the ERN 
paradoxes of the Central Atlantic that have been forced upon 
biologists, and that Simpson has foünd (4; p . 25) so hard to 

credit, become easier to understand. Indeed, with such long, 
sinuous, warping and disrupting chains quite unexpected inter- 
changes of terrestrial life could hardly have failed to take place, 
as remarked by H. B. Baker. As illustration, ignoring Drift, 


taking a chart of the Caribbean region and delineating simple E 


f. * 
P 


rises or falls of sea-level, peculiar sunderings or linkings of the ;i:': 


various islands would follow, to become more surprising still ' 


were even a little crustal warping to be introduced into the 
process. One should not overlook too the tremendous part 
played by volcanicity in the building up of the 'Tertiary ranges, 
so finely displayed for example in the island-chains of the West 
and East Indies. Cross-connections or short-circuits ‘might 
thus be established, as in the case of the Lesser Antilles. 

Even with the continents fixed geologic evidence is against 


any direct connection between North and South America from , 


the Mesozoic down to the late Miocene. How then were the 


marsupials of South America derived from a pre-Tertiary 


stock in Europe? The South American monkeys too in their 
brain development are surprisingly similar to those of the Old 
World. Each truly demands an early Tertiary trans-Atlantic 
‘bridge! While Simpson has been so far successful in disprov- 
ing any free“intermigration of the mammalia across the mid- 


“Atlantic during the latter half of the Tertiary, there remains. 


. in favor of an earlier bridge or bridges, as well claimed by 


numerous biogeographers, quite a number of lower animals and ' 
plants, the distribution of which forms a stubborn problem. 


under views of fixed continents. 


AUSTRALIA-ANTARCTICA-S)UTH AMERICA, ; 


While Simpson severely questions the mechanics advocated 
by the writer in regard to these continents, a study of du Toit’s 
restoration (7; Fig. 7) and of an artificial globe will show that 

^ the maximum displacement of Australia would not have been 
- ^ much more than 2000 miles. Even assuming his extreme prop- 
osition, that all such movement had been concentrated into the 
post-Oligocene period, Australia in order to reach its present 
, position would only have had to “speed” at under six inches 
s» per annum. There is also the alternative that, although the 
, . parent mass had been broken into its three parts at an earlier 


a 
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date, intermittent contacts could still have been UN 
between those portions by the circum-Pacific Tertiary fold-zone 
running through Patagonia, Grahamland, West Antarctica, New 
Zealand, New Guinea and the East Indies, which last is a global 
fact and quite independent of any special theory of Earth struc- 
ture. The existence of such a lengthy ridge finds support from 
the great resemblances of the Miocene marine littoral faunas of 


.,, Patagonia, Australia and New Zealand, as stressed by van 


` Ihering, Ortmann and Hedley. . 

The curving of that fold-zone around Australia shows how 
that block, twisting anti-clockwise, attempted to by-pass Indo- 
Malaya, thereby permitting the Asiatic wave-front to press out 
into the Indian Ocean with the development of crustal swirls, 
while the Australian wave-front escaped into the Pacific. Con- 
ditions tending towards the production and destruction of link- 
ages between Asia and Australia were accordingly to hand. 
Umbgrove (8; p. 34) has recorded the surprising shallowness 
of the seas over the vast East Indies region throughout the 
Tertiary—in strong contrast to the Mesozoic—with intense 
folding during the mid-Miocene, large parts having certainly — 
been land in the Eocene and Pliocene. The intensity and rapid- 
ity of the Pleistocene movements, that led to the upheaval of 
coral reef-terraces for many hundreds of feet, to the tearing 
out of astonishingly deep oceanic basins, etc., have been fully 
set forth by the Dutch geologists, although little known gener- 
ally. ‘Under the universal lowering of sea-level in the 
Pleistocene New Guinea, Australia and much of the East Indies 

—Sundaland"— must for a time have become joined by low- 
lying ground. 

As against all this evidence poto and biologists 
alike have tended to stress the biologic isolation of Australia 
from the early until the very late 'l'ertiary, & relationship 
which must surely have been less likely with the continents fixed , 
than with Australia far away and.only drifting towards Asia. 
In regard to the marsupials—and in such the writer stands 
corrected—Simpson denies any special resemblance between 
those of South America and Australia, though he does not 
appear to ‘be so happy about the family Dasyuridae or Thy- 
lacinidae of the order Polyprotodontia and the one advanced 
order Diprotodontia', possessed by both continents. Sug- 


1 The sole South American genus Caenolestes could &dmittedly be an 
aberrant polyprotodont, as believed by Broom and Diderer. 
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-gestively their respective parasites are identical according to 
Breslau (9; p. 105). He reluctantly admits that, giving that ' 
‘evidence its maximum weight, any southern connection could 
only be “something of the order of discontinuous. evanescent 
island chains,” One is tempted to speculate whether any part - 
is played by the “distance factor.” / , 
= The contrasted, yet homologous relations of South America 
and North America on the one hand and of Australia and Asia 
, on the other can advantageously be considered together. Mar- ' 
supials appeared i in the Mesozoic in North America and Europe, 
but neither they nor their Tertiary descendants seem as yet to 
be known from Asia or Africa despite the fact that all those 
lands were interconnected during the early Tertiary. Now 
according to Simpson they could not have reached South Amer- . 
ica or Australia from the north, since those continents were ' 
under his, as well as under current, views then unconnected with ` 
the northern lands. Had such been the case those southern 
continents should logically have received other northern ver- | 
' tebrates.. Strikingly, early Tertiary marsupials have not yet 
, been recorded from Asia or Australia though their future dis- 
^ covery there is not denied- For the present, until the paleon- 
tologist can explain away such paradoxes; he can scarcely 
maintain that the balance of: existing knowledge negatives any ` 
Tertiary connection between South America and Australia— 
from both of which Southern — had already become 
detached. 

Admittedly ; in those two continents the resemblance among 
the marsupials only extends to families and those lands are not . 
therefore con-specific, while the monotremes are absent from 
, South America and the edentates from Australia. Accepting 
Drift, however, Australia could never have been closer to South : 
America than 3000 miles—as measured across Antarctica— 
from either side of which central mass those continents ulti- 
mately broke away. Any very close faunal resemblances 
between those far-sundered and isolated lands could well be 
lacking, an explanation anticipated by Wegener (9; p. 106). 

The significance of other terrestrial life should on the other 
hand not be overlooked, such as the presence of giant birds, 
fossil or living in the *Gondwanaland" region—in Patagonia, 
Seymour Island, Antarctica, South Africa, Madagascar, Aus- 
tralia and New Zealand—while the distribution of the fresh- 
water fishes is highly suggestive (Eigenmann). Striking are 
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the fresh-water crayfishes of South ‘America, Australia, New 
Zealand and Madagascar—but not found in Africa—sep- 
arated as they are by the equatorial zone from those of the 
northern hemisphere (Ortmann). Matthew’s explanations are 
far from satisfying. The scorpion family Bothriuridae is 
restricted to South America and Australia (Hewitt). Those 
curious worms, the Phreodrilidae, are confined to the colder 
parts of the South Temperate Zone, including Kerguelen and 
the Falkland Islands. The botanical affinities are much more 
marked between South America and Australia than between 
either of them and Africa (Hooker, Hemsley, Bentham and 
Andrews). | | 
In the face of the above faunal relationships, which could be 
greatly extended, there would seem to be a prima facte case for 
a former linking or linkings between South America and Aus- 
traha via Antarctica during the Cretaceo-Tertiary, an opinion 
stoutly maintained by not a few eminent biologists and 


geologists. 


MADAGASCAR. 


In regard to the separation of this island from Africa the 
mechanics are not so puzzling as Simpson would suggest 
(4; pp. 27-9). Whether Drift be accepted or not, the con- 
trolling factor was clearly the lengthy geosyncline, developed 
in the Paleozoic, that ran down the eastern margin of Africa 
and covered the western half of Madagascar. Various geolo- 
gists have contributed towards the elucidation of its history. 
The formations along both sides of the Mozambique Channel 
dip towards the latter and indicate through their dominantly 
marine and occasionally terrestrial phases the deepenings and 
shallowings of that trough from the Lower Permian onwards, 
with intermittent but progressive lengthening, until in the 
late Cretaceous it penetrated to the South Atlantic (see 7; 
Figs. 11 & 12). | 

The affinities of the later Cretaceous marine faunas in this 
region show that, while this trough was in existence, peninsular 
India must have been prolonged southwards to Madagascar 
to form a joint barrier such that mollusks from the Mediter- 
ranean and North-west India were able to enter western Mada- 
gascar only in limited numbers but failed.to reach round to 
the Madras area and beyond, where a different fauna held 
sway. Marine older Tertiaries fringe western Madagascar 
dipping. towards the Channel, and the island must then have 
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. been cut off from Africa, but stratigraphic gaps at the Oligo- 
.cene and about the Miocene show that, through slight shallow- J LS 
"ing of the geosyncline at those times, Madagascar could”, ., 

. again have become linked to the mainland. Its geologic history t 


during the Pliocene is unknown, though during the Pleistocéné 
the sea-level fluctuated more than once. Simpson's statement 
(4: p. 27) that “it. contains early Tertiary groups without 
their later Tertiary relatives abundant on adjacent conti- . 
nents, mid-Tertiary groups with neither their early nor their 
late Tertiary allies, and late Tertiary.to Recent groups such 
- as are always, elsewhere, accompanied by members of other 
` groups [are] here quite lacking,” is quite. consistent with the: 
stratigraphic evidence. 

From the data available the writer has deduced the inter- 
mittent stretching of the crust during the Jurassic and Creta- 
ceous with slow widening of the geosyncline (7; Fig. 12) and the 
outpouring of lavas, its actual rupture in the Eocene, thé 
gradual drifting of the Madagascar block to the south—in - 
. the wake of Antarctica—with tilting to the west-north-west 
along with vast extrusions of lavas in East and Northeast 
Africa and the Deccan as Australia and India drew away from 
Africa. In the case of Pemba Island its separation from the 
mainland is set by Stockley (5; p. 239) as late’ Miocene or 
early Pliocene. Any closer dating of those separations would: 
have to be furnished by the terrestrial fossils, and among 
them the mammalia, though the evidence provided is not only 
limited but confusing. From its home opposite Kenya and 
Tanganyika—duly fixed by abundant and consistent data— 
Madagascar would haye had to travel about 600 miles, though 
in a direction largely parallel to the mainland, a point of high 
importance when possible re-connections with the latter are in 
question. E 

An Upper Cretaceous connection between South America, * 
Madagascar and India is suggested by the dinosauria 


(von Huene; Matley), though Simpson does not explain how. à 


that evidence can have been misinterpreted. Even allowing for. 
isolation and lack of knowledge concerning its fossil repre- 
sentatives, the living Malagasy fauna remains as much a puzzle 
as,ever. Matthew (8; p. 208) views the insectivore Centetidae 
as the earliest colonisation, perhaps pre-Tertiary, and the - 


lemurs, rodents and viverrines as about mid-Tertiary.. On thé +: a 


` basis of the more primitive types of lemurs Gregory (1;p. 872) >: 
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regarded Madagascar : as isolated from India by the Oligocene, 
before India had been occupied by the more advanced lemurs: 


^. After the beginning of.the Tertiary the contacts with Africa ` da 


were manifestly slight and any linking must have been, a as 
suggested earlier, brief. 

H. F. Standing has shown that among the lemurs of Mada- 
gascar there are closer analogies with the monkeys of South 
America than with those of the Old World, which brings out 
the fact that there are positive resemblances with South 
America, as long pointed out by Wallace, Lydekker, Gregory 
and many others, which are explicable under the particular 
' scheme of linking discussed earlier. To mention only a few 
cases there are the boas, iguanas and certain of the earth- 
. worms (Acanthodrilidae) which suggestively are unknown 
north of the equator. 

Matthew (8; pp. 208, 206-7), whom Simpson follows with 
approval (4; pp. 28-9), explains such peculiar relationships 
as due to occasional introductions from Africa by “rafting,” 
an hypothesis which in view of the limited distances involved— 
400 miles across the narrowest part of the present channel 
—is quite conceivable. If true, there was apparently no return: 
rafting, while the African monkeys obviously failed to make 
the journey. The fact, however, that analysis of the Malagasy 
fauna shows it to embrace diverse elements, which, as Simpson 
himself points out, would seem to mark out distinct phases of 
the Tertiary, while those in turn can be correlated with deduced 
crustal movements in that region, all forces one to associate 
such elements with terrestrial linking rather than chance raft- 
ing. Oné can even doubt the alleged natatory abilities of the 
Malagasy hippopotami (Lemoine) or the dinosaurs (Matthew). 
The flora of Madagascar does not provide much help, being 
strictly endemic and much diversified, but demands a closer 
study from botanists. 

To sum up, the faunal relationships between Madagascar and 
Africa prove not less puzzling with fixed than with moving 
- 2 The writer’s reference to Gregory querled by Simpson (4; p. 28 foot- 
note) comes from (1; pp. 812 and 872) and applies to the Afro-Malagasy 
mass; that ascribed to Lydekker (2; p. 1009) arose from his cryptic remark 
that the Malagasy fauna “is much more distinct from the Ethiopian fauna 


than is the latter from the fauna of either the Oriental or the Holarctic 
region.” 
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continents, ond explicable by the latter hypothesis inde is 


the reasonable assumption’ of very brief post-Cretaceous con- . 
nections. Those with South: America and Australia are dif- 
- ficult to interpret with stable continents since in several critical | 


E cases either the ocean or the equatorial zone would hàve 


1} 


about the particular places ‘and times required for the inter- . 
migration of. terrestrial life—linkages which in addition gne. 


prevented migration from the Holarctic region. On the con- : 


Eu the PD would follow logically from Drift.’ 


CONCLUSIONS. SR 


Doctor Simpson's positive assertion, that “the known past. 


ánd present distribution of land — cannot be explained 
by the' hypothesis of drifting continent ” can be met with “a not . 


‘less emphatic contradiction. 


' Anyone who sponsors a new piel — t unhesitatingly’ 


| investigate every conflict with “facts and modify his views 


- therefore valuable through clearing away sundry errors ‘and :' 


accordingly, and Simpson’s contribution—long . overdue—is 


misapprehensions, reviewing faunal relations from a new angle 
and throwing fresh light on a complex and fascinating subject. 


At the same time he does not seem to have appreciated the 


3 


multitudinous and weighty geologic evidence upon. which had . 


been based the writer’s synthesis and in which several of the 


' inherent difficulties had been anticipated. "Throughout dis . 
| paper too he has entirely ignored the vital stratigraphic. and ' 


" tectonic aspects. e 
What he has really succeeded in proving is that du Toit’s 


| Tertiary Orogenic ‘Linkages could not have persisted above 


the level of the widening oceans down to so late a period as 
assumed, or that they could not have been continuous enough 


to permit migration with:the freedom hitherto supposed. This | 


consequence, which is fully. accepted, clarifies the position and 
marks a real advance in Tertiary paléogeography. 


T 
RS 


Oncthe contrary he has not thereby disproved the Hypothesis _ 


of Drift, which is regarded. as resting upon a far wider basis—"* 


one rooted in Paleozoic times at least—while, paradoxically, 


most of his statements of facts prove, when analysed, far from ` | 


incompatible with the idéa of moving continents, and in par- 


ticular with the writer's scheme, modified slightly to meet such 


objections. It is re-iterated that, only under Drift can . 


unstable, though ordered, land-bridges be made available-at. 
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the 4 minimum number of possible. routes” aña which — 
.cally excludé from consideration a host of other connections 
that have been postulated, largely on paleontologic or biologic 
grounds, though without full recognition of possible conflicting 


geologic or other evidence. . 
The acid test of that Hypothesis will, it is felt, depend among 
_ other things on its ability simply and logically to account for 
the harvest of fossil forms yet to be unearthed. In the mean- 
time fresh evidence of every kind and new ideas will be as 
welcome as ever in our attempt to establish on a firmer basis 
this great revolutionary and far-reaching theory of Earth 
Evolution, which we owe to the genius of Taylor and Wegener. 
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OBITUARY. |. : 
BUSSELL HENRY CHITTENDEN 
Prof. Russell Henry Chittenden, former Director of the Sheffield 


Scientific School in Yale nire died December 26, 1958, in. 


his eighty-eighth year. 

He was born in New Haven, Conn., on February 18, 1856, the 
son of Horace Horatio and Emily Eliza Doane Chittenden. The 
family traced its line back to a William Chittenden who emigrated 
to this country from Cranbrook, Kent, England, in 1689. The boy 
Russell received his early education in the public schéols of New 
Haven; his preparation for Yale was obtained in the French Pri- 
vate School also located in New Haven. His earliest interests were 
in the classics and in teaching but this changed to an interest in 

science with the result that he matriculated in the Sheffield Scientific 
^ School and at the age of nineteen years received his B.S. degree, 


having offered a thesis entitled “Glycogen and Glycacoll in the. 


: Muscular Tissue of Pecten irradians.” The thesis was published 
-in 1875 in the American Journal of Science and Arts (now the 
AMERICAN JOURNAL oF Science) "and at the suggestion of Prof. 
S. W. Johnson it was translated into German, with his ‘help, anc. sent 
to Liebig’s Annalen der Chemie, where it was eventually published.” 
_Its publication in German was destined to play an important róle 
in securing Chittenden’s admission as a student to Kühne's Labora- 
tory at the University of Heidelberg in 1878. The young man had 
' made his plans to spend a year in Hoppe-Seyler’s Institute of Physio- 
logical Chemistry at Strassburg and all of his letters of introduc- 
tion and credentials had been addressed to that University. “On 
reaching Strassburg, however, and presenting the letters of intro- 
duction, and after viewing the facilities provided in the laboratories, 


there arose a grave suspicion that perhaps Strassburg after all was 


not best adapted for his needs.” He was disappointed in both 
the city and the laboratory. He therefore went on to Heidelberg 
. and presented his card to Professor Kühne. Upon reading the name 
Kühne asked. "Are you the Chittenden who published in Licbig's 
Annalen a year or so ago an article on glycogen and glycocoll?" 
He was welcomed to Heidelberg, and thus began more.than twenty 
years of close friendly relations with Kühne who died in 1900. 

It is of interest to know that the first laboratory for the teaching 
‘of physiological chemistry was established in the Sheffield Scientific 
School in 1874, and over this laboratory Chittenden was placed in 
charge while still an undergraduate student. The B.S. degree 
was obtained in 1875. The year spent in Europe ( 1878-79) served 
as a great stimulus. Chittenden returned imbued with the idea of 
making his laboratory a place where physiological chemistry stould 
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be cultivated as a broad biological course-of study instead of some- 
thing restricted to a branch of applied science such as medicine, for 
example. In 1880 he received his Doctor of Philosophy degree 
from Yale. He was appointed Professor of Physiological Chem- 
. “istry in 1882 and held this post for forty years, when he retired as 
professor emeritus. In 1898 he became Director of Sheffield Scien- 
tific School and served in this capacity until his retirement in 1922. 

The first phase of Chittenden's research career after receiving 
his professorship was characterized by interest in problems of 
digestion. This was no doubt the result of his experience with Kühne 
who is remembered as the man who gave us the word enzyme (in 
yeast) as the name for specific agents that are responsible for 
digestive changes. Between 1875 and 1888 forty-six research 
papers were published by the Laboratory. Some of these were pub- 
lished jointly with Kühne.’ Approximately half of the papers dealt . 
with some phase of the chemistry of digestion and its products. 
Chittenden's productivity as an investigator was soon recognized 
by his election to membership in the National Academy of Sciences 
in 1890. In 1898 he was President of the American Society of 
Naturalists i 

It is not generally known that he was one of the "leading lights” 
in the early days, of the American Physiological Society and did 
much to promote the use of chemical methods for the study of 
problems in physiology. The Society was founded in 1888. In 
1891 Chittenden was elected a Councilor and served in this capac- 
ity for five years. In 1896 he was elected President and reelected 
eight times. His immediate predecessor as President in 1895 was 
H. P. Bowditch; his successor in 1905 was W. H. Howell. 

The American Society of Biological Chemists was organized in 
1907 and Chittenden was its first President. As the virtual founder 
of physiological chemistry in this country it no doubt seemed 
naturel to elect him President of the first professional society to be 
established in this field. In 1904 Chittenden was made a member of 
the American Philosophical Society. Other societies that claimed : 
him as a member in later years are the American Academy of Arts 
and Sciences, the Societe des Sciences Medicales et Naturelles de 
Bruxelles, and the Societe de Biologie in Paris. 

Chittenden assumed the directorship of the Sheffield Scientific 
School in 1898. For some time he continued to lecture to classes 
but after 1908, when Lafayette B. Mendel was appointed to & pro- 
fessorship, the active direction of the laboratory was in the hands 
of Mendel. As might be expected, administrative duties took more 
and more of Chittenden's time, and his ambitions for the develop- 
ment of science took the form of promotion of the interests of 
Sheffield Scientific School. During this second phase of his career, 
however, he became greatly interested in the problem of the amount 
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of protein required for health by man, his interests beig — 
by his experience in the fall of 1902 and early part of 1908 with 
: Mr. Horace Fletcher, the man who advocated extensive chewing 
of food before swallowing as a means of obtaining the maximum of 
nourishment from it. Chittenden saw certain problems in this con- 
nection that were amenable to attack in the laboratory and there- 
' fore organized such an attack. ^ Nitrogen equilibrium studies were 
conducted on himself and four staff colleagues, eight college stu- 
dents and thirteen soldiers who volunteered for this work. These 
studies led to the conclusion that the normal adult can be main- 
tained in satisfactory nitrogen equilibrium on a daily intake of pro- 
tein less than one-half that required according to the Voit standard 


+ then current. These experiments were described in a book entitled 


. “Physiological Economy in Nutrition" published in 1905. The 
studies were extended to include observations on dogs, and then 
reviewed in lectures delivered before the Lowell Institute in Boston 
in 1907, which were published in another volume entitled: “The 
Nutrition of Man." These books appeared just a few years before 
Osborne and Mendel made their classic discovery that proteins 
differ in their biological value and this difference is related to the 

_ amounts of the respective essential amino acids present in the protein 
molecule.. These later developments were of course very important 
and served to direct the study of the róle of protein into new chan- - 
nels. Itis true, nevertheless, that the most recent statement of a 
standard of daily protein intake for man, that put out by the Food 
and Nutrition Board of the National Research Council in 1941, 
suggests a figure slightly higher than that advocated by Chittenden. 

. It‘would seem, then, that a Ha i figure has been arrived at 
after all these years. i 

During the administration of President Theodore Roosevelt Dr. 
Harvey Wiley began his "pure food" crusade and fought the use 
of chemical preservatives in foods. Along with many other sub- 
stances that might be mentioned sodium benzoate was considered by 

' Wiley to be toxic. As a result of the controversy thus engendered 
President Roosevelt appointed the famous Remsen Board to study 
and report on the toxicity of sodium benzoate. Doctor Chitteriden 
was a member of the Board, and in this capacity carried out experi- 
ments on the problem. The report of the Board was essentially 
negative. | 

. . Other important public services by, Chittenden were rendered 

during World War I when he was appointed a member of the execu- 

' tive committee of the National Research Council After the War 

. he visited London, Paris and Rome as representative of the United 
States on the Inter-Allied Scientific Food Commission. 

' It is not generally appreciated how much Chittenden did to stimu- 

late bright young men to enter medicine and its related. sciences. 


- 
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' Many of his students became : very distinguished in medicine, It 
was lergely this fact that led the Connecticut State Medical Society 
in 1984 to exercise its unusua! charter prerogative to confer degrees 
and thus to give him in his seventy-eighth year an Honorary Doctor 
of Medicine degree. What his reaction to this honor was it is diffi- 
cult to say since it came so late in life after he had already received 
honorary degrees from the University of' Toronto, University of 
Birmingham, England, Washington University, and the University 
of Pennsylvania. In this case, however, it was a most unusual 
testimony to the influence he had exerted as a teacher in his younger 
days in directing toward medicine so many of the young men who 
listened to his stimulating lectures and had pictured to them the 
great possibilities that the new science of phyaiologicat chemistry 
afforded to medical science. 

It was Chittenden’s good fortune to live to a “ripe old age” and 
thus to see his chosen science developed. through two generations 
of students besides his own. This was doubtless the chief reason 
why he was asked to write for the American Chemical Society the 
monograph entitled “The Development of Physiological Chemistry 
' in the United States.” Since his was the first laboratory in this field 
to be established in this country, there is some truth in the statement 
that "with his passing an era in physiological chemistry came to a - 
close. GEORGE R. COWGILL. 
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SCIENTIFIC INTELLIGENCE 
: Puyvatcs. 
. Electronic Physics; by L. C. Hector, H. S. Lxi,/and C. E. 
Scouten. Pp. viii, 855; 289 figs. Philadelphia, 1948. (The 


Blakiston Co., $8.75).—This is an elementary text for the | 
beginner in the realm of electronic physics, from its inception in 


| frictional electricity as known to the Greeks to the cyclotron and 


& 


artificial transmutation of elements. On the assumption that the 
modern beginner in the field of electricity prefers a modern explana- 
tion, the historical background has been kept to a minimum and the 
subject is treated from the electron-proton point of view. 
Although most books on this subject do not treat light, this book 


` has included five chapters on the nature of light and the elementary - 


theory of lenses, mirrors, and prisms. light is thus integrated with 


. its allied subjects in the electromagnetic spectrum, X-rays, wireless, 


and the infra-red and ultra-violet. In this connection photoelec- 
tricity and the vacuum tube are covered briefly. 

Each chapter is headed by a paragraph setting forth the general 
principle to be covered in the chapter, and its general'method of 
procedure. It concludes with a list of the important facts presented 


in the chapter and three groups of problems. The first two groups 


are graded problems which require simple explanations or numeri- 
cal work for which the answers are given; the third group suggests 
elementary experimental problems. An added aid to the student is 
the use of red in the line diagrams to point out the important 
elements. l 
Using simple language and simple presentation with a minimum ' 
of mathematics, the authors seem to have attained their goal of 
producing a modern text for beginners in the field of electronics. 
JAMES O. BUCHANAN, 


Physical Sciences; edited by Wrrrriaw F. Emrer. Pp. 689. New 
York, 1942 (The Macmillan Co.. $8.90).—The material presented 
in this book covers the fundamentals of the physical sciences: mathe- 
matics, astronomy, physics, chemistry, and geology. The emphasis 


throughout is on the scientific method and its applicability to all 


forms of science. Each science is presented not only as holding an 
individual position in man's, knowledge of the universe, but also as 
being dependent on the others. 

The greater part of the text is devoted to physics, chemistry, and 
geology. While mathematics is used freely as a tool for each, no 
advanced knowledge of mathematics is needed since use of calculus 
has been avoided. This renders the book suitable as a text for a 
general survey course in the physical sciences at the college level. 

. The material is well integrated, one subject following out of ideas 
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previously set forth. For example, geological phenomena are shown 
to be the results of chemical and physical action. In all cases the 
problems are kept general, and it ts the principles of the subject 
and the scientific approach to them that receive the emphasis. 

As an incentive to the more interested student, suggested topics 
for further study and parallel references have been included at the 
ends of the chapters.  Thronghout the book the authors have 
endeavored to keep to a rigorots approach, the practical and histori- | 
cal treatments being of,secondary importance to them. The back- 
ground gained from a book of this type is a more thorough under- 
standing of present scientific knowledge and 'of the methods of 
obtaining this knowledge. ~ JAMES O. BUCHANAN., 


CHEMISTRY. 


Próteins, Amino Acids and Peptides as Ions.and Dipolar Ions; 
by Epwin J, Coun and Joun. T. Epsarr, including chapters by 
Joun G. Kmxwoop, Hans Mueuzer, J. L. Oncury and GEORGE . 
ScATCHARD. American Chemical Society Monograph Series, No. 90. 
686 pages. New York, 1948.(Reinhold Publishing Corp., $18.50).— 
The interionic attraction theory of Debye and Hückel and the 
discovery of Bjerrum that aliphatic amino acids are charged both 
positively and negatively have given for the first time a valid basis 
for the interpretation of the properties of these substances and an 
approach to a reasonable theory of the more complicated peptides 
and proteins. This treatise contains a comprehensive account of 
these important compounds from this point of view. 

- Following the general introduction (Chapter 1), the Raman spec- 
trographic evidence for the presence of dipolar ions in amino-acids 
is presented (Chapter 2). This is followed by a well constructed 
and brief general introduction (Chapter 8) to the thermodynamic 
"theory of ionic solutions and the interpretation of thermodynamic 
properties in terms of the Debye and Hiickel interionic attraction 
theory by Professor Scatchard. The theory of the properties of 
solutions of dipolar ions is reserved for Chapter (12) where a 
thorough development of the Scatchard-Kirkwood theory is pre- 
sented by Professor Kirkwood. Chapters (4) to (11), written by 
Professors Cohn and Edsall, give an exhaustive discussion of the 
physico-chemical properties of amino acids. Such topics as ioniza- 
tion constants, relations between acidity and chemical structure, 
dipole moments, apparent molal volumes; compressibilities, heat 
capacities and surface tensions of dipolar ions are discussed. Inter- 
actions between organic solvents and dipolar ions, between two amino 
acids, and between ions and amino acids derived from solubility and 
electromotive force data are exhaüstively considered. i 

This fundamental physical chemistry forms the background for , 
the discussion of the properties of the proteins contained in the 


~ 
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- Second part of the treatise. Chapters (18) and (14) contain the . 


evidence for basic structure of the protein molecule derived from 
analysis, action of proteolytic enzymes and X-ray diffraction data. 
Chapter (15) contains an excellent condensed summary of the 
chemical,composition of the proteins. Chapters (16) to (25) contain ' 
detailed discussions of the physical properties: densities, molecular. 
welghts, osmotic pressures, diffusion coefficlents, diffusion and sedi- 
mentation in centrifugal fields, acidic and basic properties, rotary 
Brownian movement, electric moments and solubilities. This part 
of the treatise is written for the most part by Professors Cohn and 
Edsall. The exceptions are Chapter (22) on electric moments | 


- written by J. L. Oncley and Chapter (25) on the theory of electro- 


phoretic migration by Hans Mueller. 
The general character of this treatise measures up to the reputa- 


"E tion of the men who have written it. It is logically constructed and . 


well written. But perhaps the most valuable feature is the wealth 
of factual knowledge contained in this single volume. This con- 
densation of experimental data has been achieved by the frequent 
use of large tables in the text, and appendix. These tables are 


. masterpieces of construction and typographical composition. 


There is no doubt that this admirable work will be the standard 
in this field for many years. Professors Cohn and Edsall should be 
congratulated on-the outcome of Miele labors and upon their selection 
of the co-authors, HERBERT 8. HARNED. 


Cellulose and Cellulose Dose edited by E. Orr, Pp. xix, 
1176; profusely illustrated. New York, 1948. (Interscience Pub., 
$15.00) —Emil Ott deserves high praise for organizing a staff of 
85 research workers to present the manifold aspect of cellulose, 
its natural associates: hemicelluloses and lignin, the methods of its 
preparation “from the natural sources, and its chemical derivatives. 


' “About four-fifths of the material presented in this book has been 


contributed by persons engaged in industry or working in institu- 


. tions supported by industry or in government laboratories. . . . The 


contributions of the academic authors are especially valuable esau 
of their fundamental nature, and will be of great utility to those 
in industry.” (From the “Preface.”)  Thoroughness has been 


sought, and achieved, not so much in once more digesting everything 


that has been published but by describing the practically important 


- properties. From a broed fundament of physico-chemical measure- 


ments and calculations, the technical values and applications are dis- 
cussed with many original contributions of facts and thoughts. 
- Occurrence (chapter 1) and chemical nature of cellulose (chap- 


ter 2) including structure and properties of cellulose in the form 


t 


of fibers (8) precede the three chapters on the accompanying car- 
bohydrates, lignin and the preparation of cellulose from its natural . 
sources. These, and the following discussion of bleaching and puri- 
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fication, are — short; more space has been allotted to the 
derivatives and the physical properties (chapters 8 and 9). The 
technical applications are summarized in the last chapter. Author 
and subject index are very carefully prepared. 

Not only physical and organic chemists, but also paper makers 
and workers in the field of plastics should fmd this book of great 
value. EDUARD FARBER, 


Advanced — — Hobart H. Willard and Harvey 
' Diehl. Pp. xi,-457; 40 figs.. New York, 1948 (D. Van Nostrand 
Co., $4.75).—Elementary courses in analytical chemistry are neces- 
sarily subject to such limitations: that the student spends most of 
his time acquiring quantitative technique through the performance 
of a number of simple determinations. The amount of chemistry 
learned in such a course may be very small, especially during the 
present war periód when so much has had to be sacrificed to speed. 
In the opinion of this writer this is a most unfortunate circumstance 
for the chemistry major; he is not offered the opportunity of acquir- 
ing through his fingers as well as through his eyes and ears a work- 
ing knowledge of the many and varied facts of inorganic chemistry. 
It is to be hoped that when leisure again becomes available for the 
digestion of knowledge, when the student is no longer forced to bolt 
his meals of science, our schools will offer advanced laboratory 
courses in inorganic chemistry for seniors and graduate students. No. 
better way of learning inorganic chemistry is to be had than by the 
performance of a group of intricate inorganic analyses. Further- 
more such a course would give to chemists, chemical engineers, and 
metallurgists a proper appreciation of the complexity of the prob- 
lems involved in analytical chemist-y, something they cannot pos- 
sibly acquire from a sophomore course. The fundamental training ' 
in the varied chemistry involved in the complete analysis of a com- 
plicated mineral mixture such as baaxite is fully as valuable as the . 
same time spent in the synthesis of a number of organic compounds. 

The text of Professors Willard and Diehl offers to the teachers 
of inorganic and analytical chemistry a most excellent basis for the 
construction of such a course. The first third of the book is taken 
up by a discussion of general methods in analytical ‘chemistry. 
‘Chapter I, starting with an apt quotation from Lundell on the 
distinction between analysts and "determinators," proceeds to such 
matters as the keeping of & note-book and the care of platinum. 
Chapter II, perhaps the most important section of the text, dis- 
cusses problems and methods in the order in which they may appear 
in an analysis. An excellent discussion of the varied problems of 
sampling fills a gap probably left by most elementary courses. (The - 
present writer once had impressed npon him the problems involved 
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in sampling by being assigned the chore-of obtaining a representative 


sample from a hundred ton pile of nut coal. It was as dirty and 
instructive job. The nearest thing to a sampling problem arising 
in.an elementary course might involve the grinding of two grams 
of a soft carbonate rock). Various solvents and preliminary decom- 
positions are next discussed. There is an interesting section on 
concentration methods for the determination of minor constituents 
"such as the impurities of so-called 'chemically pure' substances." 
Incidentally, with the exception of colorimetry, of which there 
is an extensive discussion, the physico-chemical methods such as 
those of spectroscopy and polarography are not treated. To men- 
tion a few more of the topics there is a section on electrodeposition 
and a long section on the use of organic precipitants. For the 
theory of electrodeposition the reader is referred to the text of Wil- 
lard and Furman. Considerable of the theory of organic precipi- 
tants is presented. "These discussions alone illustrate very well the 
advantages to be gained in a discussion of analytical chemistry at 
the senior level. For any course in applied chemistry the. basic : 
courses in physical chemistry and organic chemistry should be pre- 
requisite. 

The second third of the text is devoted to laboratory directions, 


together with the necessary discussion, for “The Analysis of Iron 


Ore, Iron, and Steel," “The Analysis of Alloy Steels,” and some 


parts of the methods used in the analysis of silicate rocks. The last 
third of the book contains discussions of the determinations of most 
of the elements not previously discussed. This section is built around 
the chemistry of the elements from the point of view of the periodic 
table. A chapter on the determination of atomic weights concludes 
the book. 

This book has many excellent — as a text for iie type of 
course in chemistry mentioned above. It serves as a bridge between 
the pure summary of Lundell and Hoffman and the extremely 
detailed work of Hillebrand and Lundell. One might perhaps bet- 
ter turn to these for reference purposes except insofar as the more 
modern character of the Willard and Diehl book is concerned; 
but as a text for advanced courses the latter is to be highly 
recoramended. HENRY C. THOMAS, 


GEOLOGY AND MINERALOGY. 


Optical Crystallography; by Ernest E. Wahlstrom. Pp. iv, 206; 
208 figs. New York, 1948 (John Wiley € Sons, Inc., $8.00).— 
This book is essentially a brief treatise on the principles of optical 
crystallography and their application to the use of the polarizing 
microscope. It was prepared primarily, according to the author, 
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as a text book for'college courses in optical mineralogy, but can 
also be used as a handbook for investigators interested in using the 
technique in chemistry, metallurgy, ceramics, medicine, and other 
fields. A highly attractive feature of the book is the large number 
of text figures used to make clear tke principles and applications. 
However, if Rinne's rule for determining the signs of interference 
figures had been given and explained, several pages of explanation 
might have been saved. F. Becke's eccounts of the.distinctive fea- 
tures that can be seen in certain interference figures (but which 
are never seen until they are pointed out) might well have been 
incorporated, but no text book has ye presented them in English. 
ADOLPH KNOPF. 


Minerals and Rocks: Their Nature, Occurrence, and Uses; by 
Russell D. George. Pp. xviii, 595; 180 figs., 48 plates. New York, 
1948 (D. Appleton-Century Co., $6.00).—-This volume is one of the . 
Century Earth Science Series (Kirtley F. Mather, Editor), and 
is in essence a condensed treatise on economic geology, mineralogy, 
and petrology. It is intended to be used as a text book in second- 
year geology courses. Chapter I deals with the materials of the 
Earth and the physical properties of minerals, and includes a 
summary account of crystallography. Chapter II outlines the prin- 
ciples of the geology of the metalliferous ore deposits. These two 
" chapters are evidently meant to serve as an introduction to the 
main matter of the book. Part I then follows, dealing with the 
metallie elements and minerals. 'These substances are described in 
the order of their industrial importance. Consequently iron (and 
steel) are considered first; general information on iron, pig iron, 
cast iron, and steel and alloy steels is given, followed by statistics 
of production «and consumption. This information is followed br 
accounts of the "Iron Minerals Important as Ores" presented in the 
standardised form of mineralogy by giving composition, color, luster, 
crystallization, cleavage, etc.; then come the “Iron Minerals Not 
Important as Ores," which include so diverse an assemblage as 
marcasite, arsenopyrite, martite [important, however, as the chief . 
ore mineral in the Krivoi Rog district; Russia], pharmacosiderite, 
chamosite [important as an ore mineral in England, Lorraine, and 
Newfoundland], and many others. After iron, steel, and the alloy 
metals have been described, the major non-ferrous industrial metals 
are discussed according to the same method, and so on for the other 
metals. A great amount of interesting information has thus been 
brought together. 

Part 11 discusses the nonmetallie elements, and minerals. In 
Part III the rock-making minerals are described, and in Part IV - 
determinative mineralogy is presented. Finally, Part V deals 
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E „with the common rocks, closing with a valuable: ‘chapter on the 


industrial uses of rocks.” Under one cover the broad fields “of | 
mineralogy, petrology, and economic geology, including industrial : 
applieations, are thus presented. Unfortunately, probably inevi- 
tably. because the scope is more than one man can manage, inac- 
curacies have crept in at a number of places, suggesting that careful 
scanning by experts in the many fields covered would have been 
helpful Beryllium is said to have notable properties as a steel-alloy . 
metal, whereas actually when it is alloyed with copper it confers 


.'' remarkable fatigue-resistance. * The radioactive history of polonium 


ag given on page'241 is far from true. It is somewhat surprising 

. to read that “pyroxene is a calcium-magnesium iron silicate inter- 
- mediate- in composition and physical properties between ‘diopside . . 
and hedenbergite"; that “chert is an impure calcareous flint"; and 
that dunite is defined as "a peridotite in which chromite is usually 

 present"— a definition that leaves the essential features of dunite 
undisclosed. The scope of the petrology, especially of the igneous 

. petrology, appears to be far too detailed in a book purported to 
be — on the sophomore or junior level. ^: ADOLPH KNOPF. 
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Plants and Vitamins; by W. H. Scuoprzn, Director of the Botani- 
cal Institute, University of Bern. Authorized translation by N. L. 
 Noecker, Pp. xiv, +, 298. Waltham, Mass., 1948 (The Chronica 
Botanica Co., $4.75): New York City (G. E. Stechert and Co.).— 
Ten years ago no book could have been written about vitamins in 
plants, although plants were clearly recognized as an important 
source of accessory factors for human and animal nutrition. During 
the past decade extraordinary progress made in the study of vita- 
mins has resulted in a rich literature. The author’s ambitious 
goal in writing this book is to crystallize our knowledge of vitamins 
in plants, to show the relations of this' domain to general blochem- 


^, istry and physiology, and to suggest fertile areas for cultivation by - 


future investigators. The preparation of Plants and Vitamins 
required the consultation of a very extensive bibliography: It is a 
matter of regret that many interesting and important contributions 
. mentioned briefly in the discussion are not cited by specific refer- 
' ences to the literature. It is easy, however, to forgive. omissions of 
literature since 1941, when one considers the difficult circumstances 
surrounding the aathor 1 in Switzerland. . 

The contents of the book are organized into three parts. The 
‘first deals with the capacity for synthesis and the functions of ` 
vitamins-in green autotrophic plants. Inthe second part, the author 
presents an extensive discussion of growth-factor deficiencies in 
‘organisms which have lost the ability to synthesize vitamins. Part. 


— ES ` " 
L4 1 . s t 


"epi qr Miscellanebus Scientific Intelligence: 2 B j 


- thee describes. &ome — phenomena which are s diis o or par- 
tially , explained on the basis of vitamin concept. Well deserved 


emphasis is given to the discussion of .growth factors in micro- 
organisms. There are twenty-four chapters not all of equal -impor- 
tance. There are author and subj ect indices, and many illustrations 
and structural formulae. - , , 

As stated by the author, his book does not by any means repre- 
sent finality, but, rather a stage of progress in research which con- 
tinues to advance: A much improved classification of the B complex 
would be possible now. Although some workers may not wholly 


agree with certain interpretations of the literature and the emphasis : 
placed upon various topics, this book fills the need for a critical | 


and authoritative appraisal of the advancement of our knowledge 
concerning | vitamins in plants. 

The author points out how the vitamin problem began with 
observations on the nutrition of man and experimental animals, and 


that in recent years we have learned that the fundamental functions ' 


of vitamins are the same in regulating the metabolism of both plants 
and animals. ‘The book indicates that at all phylogenetic levels, 
the requirements of living, matter are appfoximately the same 
regardless of the.structure of the organism. The only aspects that 
differ are the morphological expressions to which vitamin deficiency 
may give rise. The author shows how vitamins constitute the meet- 
ing ground for specialized sciences, where workers in organic 
chemistry, enzymology, human, animal and pani physiology all join 
forces to solve fundamental problems. 

The philosophical viewpoint of the author is revealed in the fol- 


lowing quotation taken from his concluding chapter. “In order to: 


understand the problem of vitamins in all of its ramifications it is 
no longer possible to confine oneself to one field. The plant physiol- 
ogist has learned from his confrére, the human physiologist, what an 
avitaminosis and a vitamin are. The plant physiologist in turn has 
shown that planta” are the seat of the biosynthesis, of vitamins and 
thus has established a new intimate relationship between two king- 
doms. The biochemist, by establishing the chémical structure of 


- vitamins, has been obliged to create. new groups of chemical com- ` 


pounds. The enzymologist finds to his surprise that these vitamins 


are nothing but the active portions of enzymes which have been 


studied for a long time. The microbiologist, who for years had 


been trying, without success, to isolate the "growth factors" of his 


microorganisms, proved that typical animal vitamins were the fac- 


, tors he was looking for. The concept of growth factors (in the 


— 


~ 


exact sense) conforms with that of vitamins (in the-strict sense) 
and is identical with it.” 
“The problem of vitamins started with man and, in the last analy- 


‘sis, it returns to man after an apparent departure from him. All 


E 
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-the progress accomplished in this domain contributes to a better 
understanding of the problem in general and ultimately to human 
well-being. To speak of the well-being of Man at this time seems 
to be macabre humor. Why is it that skillful men from different 
nations can solve problems in fundamental biology but can not do 
so when the matter directly concerns themselves? The question 
remains unanswered." PAUL R. BURKHOLDER. 


1 


Galaxies; by Harrow SuaprLEy. Pp. vii, 229; 126 figs. Phila- 


. delphia, 1948 (The Blakiston Co., $2:50).— This is the sixth | 


volume to appear in the series of nine Harvard Books on Astronomy. 


- As the title suggests, it deals with the star systems comparable with 

. our galaxy. Our own Milky Way system is most decidedly included; 
. in fact, one of the important. features of the volume is that it stresses 
_ the comparative analysis of galaxies, demonstrating how knowledge 


of our galaxy may be used as a guide in the study of exterior sys- 
tems, and how the, latter aids in understanding our own. This 
method of approach is very fully employed in the second and third 
chapters, dealing with the Star Clouds of Magellan. The reader 
should receive a clear understanding of the nature of the problems, 
of their importance, and of the limitations imposed upon the astron- 


' omer by his telescopic equipment. 


The author has contributed a major share toward the development 
of this relatively new branch of astronomy, both by his pioneer 
work and by his direction of research at the Harvard Observatory. 
No one is better qualified than he to write this survey. 

DIRK BROUWER. 


1 * 





x 


- American J nd ofS 
APRIL 1944 








THE 1840 ERUPTION AND CRYSTAL 
^ DIFFERENTIATION IN THE: 
KILAUEAN MAGMA COLUMN.* 


GORDON A. MACDONALD: 


ABSTRACT. During the 1840 eruption of Kilauea volcano olivine basalt 
almost devoid of olivine phenocrysts was erupted from a group of vents at 
high altitude nearly simultanéously with the eruption, from a group of 
vents at low altitude, of picritic basalt containing abundant large olivine 
phenocrysts. The difference in composition between the lavas of the two 
groups is largely or entirely “caused by the presence of the olivine pheno- 
crysts in the picritic basalt. Gravitative crystal differentiation in the : 
magma column appears to have produced an upper portion devoid of 
olivine “phenocrysts from which were derived the lavas of the upper vents, 
and a lower portion enriched in olivine phenocrysts which supplied the 
lavas of the lower vents. 


INTEODUCTION. 


RAVITATIVE differentiation by the settling of crystals 
through a magma is a well-established -process, of which 
many examples have been described. -The process has been 
shown to occur both in intrusive bodies and i in Java flows, but 
examples of its occurrence in magma columns feeding volcanoes ' 
are rare, probably in large part because it is difficult to detect 
in such magma columns. At active volcanoes only the upper- 
most part of the magma column is directly observable, and at 
dissected necks of extinct volcanoes the vertical range of expo- 
sures is generally too small to reveal such differentiation. The 
demonstration of its occurrence in' feeding pipes of active vol- 
canoes must depend largely on a study of the lavas extruded, 
and is detectable ónly when the volume of the eruption, in 
relation to that of the feeding pipe, is so great that it largely 
empties the, conduit, or when fissures simultaneously or nearly 
simultaneously tap. the magma column at notably different 
levels. The 1840 eruption of Kilauea appears to have been 


* Published by permission of the Director, Geological Survey, ‘United 
States Department of the Interior. 
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one of the latter class, in. which fissures: tapped the magma 
column at levels sufficiently different to reveal the existence of mE 
crystal settling. L4 

Several previously described examples — to indicate.. 
érystal differentiation in the feeding conduits of volcanoes. 
These are briefly reviewed. , In most examples of crystal dif- 
ferentiation at volcanóes, however, the differentiation probably 
occurred in the underlying magma hearth, rather than in the 
conduit. of the volcano. 

The writer wishes to thank Howel Williams, of the University 
- of California, R. H. Finch, volcanologist in charge of the 


* + observatory at Kilauea, and H. T. Stearns, of the United States: 


‘Geological, Survey, for reading and criticizing the manuscript 
of this paper, and for valuable suggestions; and James Y. 
m who openers the illustration. 


Tre 1840 ERUPTION oF KILAUEA, 


The eruption of Kilauea during May and June, 1840, was 
not witnessed by any trained observer. However, the Reverend 
Titus Coan gathered and recorded the accounts of natives who 
saw it, and the sites of activity were visited shortly afterward 
by Mr. Coan and by members of the United States Exploring 
Expedition, the latter including Lieutenant Charles Wilkes, the 


leader of the expedition, James D. Dana, its mineralogist, and , 


Charles Pickering, its naturalist. The principal facts of the 
. eruption and the distribution of the extruded lavas are, there- 
foré, well substantiated. 

The flank eruption was preceded bs strong activity in the 
summit caldera, the entire area of which was occupied by liquid . 
lava, said to be in violent agitation, “raging like old ocean when 


lashed into a fury by a tempest."! This condition continued ' - 


for several days, -but either just before or during the flank 
outbreak a great subsidence occurred which lowered the level 
of the lava in Halemaumau more than 300 feet? The flank 
eruption. commenced on May 30 with the appearance of liquid 
lava in Alae Crater (1, Fig. 1}, a pit crater five miles south- 
, east of Kilauea Caldera. The lava escaped from a northeast- 

trending fissure high. on the northwest wall of the pit and 

cascaded to the bottom, where it formed a-lava lake. Shortly 


1 Coan, Titus: 1841, Missionary Herald, vol. 87, p. 288. 
* Dana, J. D.: 1890, Characteristics of volcanoes. New York, pp. 65-87. 
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afterward two other ll flows — along the extensioh of | 


. the same fissure, one^on the west and one on the north flank 
of the small lava shield, Kane Nui o Hamo (2, Fig. 1). At 
the same time or shortly afterward, other small flows were 
erupted between Makaopuhi Crater (8, Fig. 1) and Napau 
Crater (4, Fig. 1), and north and northeast of Napau Crater. 
Still another small flow was said to have taken place in the 

. Jungle several miles to the east of Napau Center but its exact 
location 1s not now known. ` 

Activity at the above-mentioned localities was short-lived, 
but fracturing continued eastward along the east rift zone of 
Kilauea toward Cape Kumukahi. Fissures a few inches. to 
several feet in width opened, bat with the possible exception of 


the small flow several miles-east of Napau Crater, no lava 


reached the surface. Finally on June 1, two days after the 


outbreak at Alae Crater, the principal lava flow of the eruption. 


commenced at a group of fissure vents near. the present Pahoa- 
Kalapana road, 21 miles east of Kilauea Caldera and 16 milés 
from Alae Crater. A small flow developed west of the road, 
but the principal vents are east of the road, and are marked by 
low ramparts and small cones of spatter. Dana believed that 
- the principal flow issued from fissures along its whole course, 
and these ‘fissures are indicated on a map of the region by 
. Wilkes.£ True vents are, however, restricted to the upper part 
.of the flow between the Pahoa-Kalapana and. Pahoa-Kapoho 
road (Fig. 1). ‘ The fissures farther seaward, although in 
places bordered by small accumulations of spatter, are merely 
the traces of lava channels and collapsed lava ‘tubes, as shown 
by their curvilinear courses arid their divergence from the trend 
of all true fissures along the east rif: zone. The lava issued as 
fluid pahoehoe and flowed northeastward. The earlier flow 


units remained pahoehoe all the way to the coast, but the later 


flow units, which in large part advanced over the earlier ones, 
in genéral changed to aa before they reached the coast. ' 

On June 3, the lava reached the shore of Nanawale Bay, 
destroying a small village. For three weeks it continued to 
flow into the sea, heating the ocean water for 20 miles along 
the coast, killing thousands of fish, and building the shoreline 
, outward about a quarter of a mile. Where the hot lava entered 
io a D.: 1849, Geology: U. S. PEDIDERE Expedition, 1888-1842, vol. 

Dau f D.: Idem, p. 169. ‘ ES | 
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1, Alae Crater; 
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Simplified geologic map of the eastern half of Kilauea volcano,. 
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Fig. 1 


Showing position of the lava flows of 1840 (solid black). 


2, Kane Nui o Hamo lava shield; 8, Makaopuhl Crater; 4 Napau Crater. ` 


! ` 
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the sea; violent steam explosions occurred, blowing the liquid 
lava into a fine spray and pulverizing more solidified portions. 
The drops and fragments thrown into the air accumulated on 
top of the less active marginal parts of the flow, building hills of 
black glassy ash as much as 250 feet high? between which the 
main lava river continued to flow into the sea. ; 

As in other occurrences of this sort, the strongest explosive 
action appears to have been produced by the aa portions of 
the flow. Pahoehoe lava is to some extent insulated by the 
glassy skin that rapidly forms on each advancing toe, and 
although large volumes of steam result when it enters water, 
the steam is not generated with highly explosive violence. ‘The 
relatively quiet advance of pahoehoe into the sea was observed 
by Green during the 1859 eruption of Mauna Loa;' and 
although the entrance into the sea of the pahoehoe of the 
Matavanu flow on Savaii, British Samoa, caused steam explo- 
sions which built small hills of cinder, the activity was weak 
compared to that observed where aa enters thé sea, as in the 
1919" and 1926? eruptions of Mauna Loa. Along the shores of 
Kilauea and Mauna Loa all the large cinder hills of this sort, 
termed littoral cones by Wentworth,? are associated with aa 
flows. ! 

The reason for the greater explosive activity occasioned by 
the entrance of aa into water is not difficult to understand. 
Aa has no continuous crust such as that of pahoehoe to act as 
an insulator. The fragmental nature of the surface of an aa 
flow allows the water easy access to the highly heated, still 
fluid interior of the flow, and presents to the water a very large . 


surface area of hot lava.  Explosively violent generation of 
steam 1s the result. TOR 


PETROGRAPHY OF THE LAVAS. 


The vents of the'1840 eruption may be divided into two 
groups of considerably different altitude on the flank of the 
volcano. ‘Those in the vicinity of Alae, Makaopuhi, and Napau 
Craters &re at altitudes between 3,100 and 92,650 feet above 

* Daha, J. D.: Op. cit., p. 190. 

* Green, W. L.: 1887, Vestiges of the molten globe, vol. 2, p. 277, Honolulu. 
' Jaggar, T. A.: 1919, Bull. Hawailan Voleano Observatory, vol. 7, p. 188. 
* Jaggar, T. A.. 1926, Idem, vol. 14, pp. 41-42, 


* Wentworth, C. K.: 1988, Ash formations of the island Hawaii: Hawailan 
Volcano Observatory, 8rd Special Rep. p. 22. 
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V — level, — the "vents. eást of the Pahoa-Kalepana Road . 


are | between 850 and 750 feet altitude: The lavas: extruded at. 


‘the two groups of vents ¿re markedly different 3 in composition. 


Those from the lower group of vents are picritic basalts; rich 


in 'intratelluric phenocrysts of olivine, whereas those from the . 


upper group of vents are olivine basalts comparatively poor in 


‘olivine and containing only rare olivine phenocrysts. ` 


^ The positions of the small patches of lava on the east-and 


west flanks-of Kane Nui o Hamo (Fig. 1) were indicated on a. 


4 


map of:the region, madé. by Wilkes”? only a few months after 


Á 


the eruption, and the identification of the lavas in the field, . 


confident of.the.correctness of their identification. , Wilkes’ 


tainly correct. . , 


-based on Wilkes’ map-and.on the stage of development of ., 
vegetation on the flows, appears certain. Although the corre- ' 
spondence of the flows as mapped at the present time with the | 
j, position shown on the early map ia.not perfect, it is sufficiently. 

^ * close, in view-of the crude nature of the early map, to make one _ 


. statement as to the time of eruption of the two flows shown on ` 
- his map, 13 positive- -and definite, and as he was accómpanied by. 
native guides well acquainted with the’ county 1s almost cer- 


^N 


The identity of the lavas t the lower vents hàs long: — 


definitely known, although the extent of, the flow as indicated 


on the topographic map .of the Kalapana Quadrangle is too - 


great, and includes the flow that took place about 1790. 


Lavas from the upper group of vents have' been studied in . 


thin section, but no cheniical analysis of'them is available. The ' 
lack of a chemical analysis'is not important, however, as the * 
differerice in composition between the lavas of the two groups ` 


crysts. The lava flow that lies between Makaopuhi and Napau 


^. craters (3 and 4, Fig. 1) consists of olivine basalt’ pahoehoe. 


Rare phenocrysts of olivine, up to about 1 mm. in length, are 


present, but they constitute much iess-than one (per cent of the: 


rock. The groundmass is hyaloophitic, with an average grain 


, SIZe of about 0.05, mm. Microlites. of olivine (six per cent), 


monoclinic pyroxene (24 per- cent), plagioclase (20 per cent), 
10 Wilkes, Charles: 1846, Atlas, U. S. Exploring Expedition, 1888-1842, 


E 8. Brigham, W. T. 1909, The volcanoes of Mauna Loa and Kilauea. 


B. P. Bishop Mus. Mem., vol. 2, no. 4, p. 31. 


com Macdonald, G. A.: 1941, Lava flows in eastern’ Puna. Volcano. Letter, 


no. 474, pp. 12. 
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. 6f vents lies largely, if not entirely, in the content of. pheno- _ 
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and iron ore (15 per- T “are: imbedded ¡ ima glassy Pae (85 - 
per cent). No olivine phenocrysts are present in the thin sec- - 
tions. The glass is black and’ opaque, owing to- abundant iron- 
. ore dust. Many of the olivine greins are skeleton crystals cony 
taining cores of black glass. The’ plagioclase is intermediate 
labradorite. The microlites ' commonly are arranged. in & 
roughly radial manner about numerous centers, in the way 
. described for other. Kilauean lavas by Washington! and 
Stone? Lava from the small flow west of Kane Nui o Hamo 
(2, Fig. 1) closely resembles that just described, except for 
the presence of plagioclase phenoerysts up to 4 mm. long and 
a few microphenocrysts of pigéonite and hypersthene. In some 
specimens, even those from depths of a foot or two below the 
top of the flow, black opaque. glass is even more abundant than | 
- in the flow east of Makaopuhi Crater? In general, plagioclase” 
phenocrysts form about two or three per cent of the rock, and 
the rare small olivine pheuncryse comprise decidedly ien than * 
, One per cent. li 
The lava Sow from the lower vents which entered the sea at 
Nanawale Bay has been described by Cross** and Washington,” 
but for comparison with the rocks of the higher vents it. will be 
redescribed here. ‘A specimen of the late aa phase from the 
sea cliff at Nanawale Bay is a dark gray rock containing very 
abundant phenocrysts of olivine cp to 8 mm. Jong. In other - 
specimens some of the phenocrysts are even larger, reaching a’ 
length óf & little more than 1 cm. Many of the olivine pheno- 
| crysis are thinly tabular parallel to the side pinacoid, in the 
habit described by E. S. Dana,"*.and in sections cut normal to 
the tables they appear highly acicular, some measuring 2 mm. . 
. long by only 0.1 mm. thick. A few olivine phenocrysts &re 
slightly rounded and embayed by magmatic resorption, but 
most are sharply ‘euhedral, arid all are entirely fresh. They 
19 Washington, H. S.: 1928, Petrology. of the Hawaiian Islands: . III, 
` Kilauea and general petrology of Hawaii. net. a our. Scl., 6th ser. vol. 6, 
844. 
i 13 Stone, J. B.: 1626, The products and structuie of Kilauea. - B. P. 
Bishop Mus. Bull, 88, pp. 18-18. 
14 Cross, Whitman: 1915, Lavas. of Hawali and their relations. .U. s. Geol. 
Survey Prof. Paper:88, pp. 48-44. ME 
-,15 Washington, H. S.: Op. cit, pp. 852-858. , 
10 Dana, E. S.: 1889, Contributions to the petrography of fhe ual 
` Islands. Amer. Jour.:Sci, 4th ser., vol. 87, pp.. 
~ Macdonald, G. A.: 1940, Petrography of Kahoolawe, Haat Div. 
Hydrog, Bull. 6, p. 154. ui f 
| ; 


4 


ge. lt 


184 | Gordon A! Macdonald —Eruption and Crystal 
have —2V=85" +, corresponding well with the content of 81 
-per-cent forsterite determined by chemical analysis by Aurous- 
seau and Merwin.” A few microphenocrysts of feldspar up 
to 1 mm. in length are present, extinction angles on combined 
 carlsbad and albite twins indicating a composition of labra- 
dorite-bytownite. .À few grains of pigeonite also attain the 
dimensions of microphenocrysts, but grade in size.into the 
groundmess. They are pale brown in thin section, with 
+2V=45°+. The groundmass is intersertal, with an average 
grain size of about 0.07 mm. It is composed of the following: 
labradorite (24 per cent), pigeonite (29 per cent); olivine 
(8 per cent), iron ore (8 per cent), and glass (7 per cent). 
The interstitial glass is heavily clouded with fine iroh-ore dust. 
- Other specimens both from the coast and from farther. inland, 
are closely similar to that described above, although in one . 
collected along the Pahoa-Kapoho road, five and one-half 
miles from the sea, the olivine phenocrysts are slightly altered. 
to iddingsite around the edges, probably by gas action near or 
during the time of eruption.** In the same specimen the ground- 
mass plagioclase was determined to be calcic labradorite 
(8 —1.566). | 
. ‘The amount of olivine phenocrysts in the lavas from the lower 
group of vents ranges from about 25 to 35 per cent. The 
average, determined by micrometric analyses of three typical ` 
specimens, is 29 per cent. 

The accompanying table shows the chemical composition of 
the lava at Nanawale Bay and of the olivine phenocrysts that 
it contains. Column 8 of the table represents the composition 
of the groundmass of the lava, and is derived by subtracting 
from the bulk composition of the lava (column 1) 29 per cent 
of olivine of the composition of the phenocrysts (column 2), 
and recalculating to 100 per cent. The resulting chemical 
composition is that of a normal basalt, which, despite the pres- 
ence of normative quartz, might contain in the mode several 
per cent of olivine. This presence of olivine in lavas that show 
- normative quartz is common in the Hawaiian Islands, and is’ 
probably the result of incomplete reaction between the olivine, 
, ,,. Aurousseau, M., and Merwin, H. E.: 1928, Olivine: I. From the 
© Hawaiian Islands; IT. Pure forsterite. Am. Mineralogist, vol. 18, p. 560. 


35 Edwards, A. B.: 1988, The formetion of iddingsite. Am. Mineralogist, 
vol. 28, p. 279. 


‘Macdonald, G. A.: Op. cit, pp. 154-156. 
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. Chemical analyses and norms showing selstisn ot olivine basalt 
„to picritic-basalt. ; 











o 1 08-9 8, 4 S 5 
SiO, 47:25 89.54 - | 60.48 -50.07 ~ 50.82 . 
ALO, 9.07 0.66 . “12.51 18.82 12.88 
FeO, 1.45 1.08 1.62 1.92 1.74 
FeO 10.41 ,10.87 10.28 - . 9,28 9.98 
MgO 19.96 46.57 . 9.09 8.01 7.89 
CaO 7.88 tro 11.10 10.64 11.08 
Na,O 1.88 0.46 * . 1.76 2.16 2.88 
K,O 0.85 "0.15 . 0.48 0.45 0.41 
H.0+ 0.04 0.18 0.00 049 0.88 
H,0- 0.08 0.04 -. 0.09 0.22 0.05 
TiO, 1.61 009 ::" 222 | 2.70 ‘8.10 
P,O; 021 + nd. ' 0.29 `- 0.26 0.80 
MnO . 018 048 , - 0.12 0.16 0.10 
Cr,0, 0.12 018. ^ > O11 * 0.05 n.d. 
S n.d n.d. TENE 0.11 n.d, 
NiO 0.09 20.88 0.00 0.04 n.d. 
Cl n.d. nd. — . 0.08 0.04 
Total’ 100.08 10028 .. ' 100.00 99.97 99.98 
Norms 

Q ` ' .. 2.10 2.16 2.04 
Or 2.22 222 . 2.78 2.22 
Ab . 11.58 i 14.67 18.84 20.44, 
An ` 17.51 . 2580 25.80 28.07 
Di 16.65 ^ 92.02 * 20.88 24.28 
Hy 18.12 — 25.54 21.06 18.48 
Or 28.17 . b96.40 . 2 > 
Mt .. 2.09 TM 2.82 2,78 2.55 
n 8.04 4.26 517 5.98 
Ap 0.84 0.67: 0.67 0.67 





& Includes CoO. b Includes Soretetite 81.0 per cent, NU 15.4 per cent. 


` I.. Picritic basalt, lava flow of 1840, Nénswale Bay. G. Steiger, ‘analyst. 

. Cross, W.: 1915, Lavas of Hawaii and their relations. U. S. Geol. Sur- ` 
vey Prof. Paper 88,. p. 44... Norm ‘recalculated by Washington, H. S, 
1928, Amer. Jqur. Sci, Sth ser, vol. 6, p. 847. 

. 24. Olivine from 1840 lava at Nanawale Bay. M. Aann, analyst, 

Aurousscau, M., and Merwin, EL. E.: 1928, Olivine; I. From the Hawailan 

Islands ; II. Pure forsterite. Ani. Mineralogist, vol. 18, p. 560. _ 

8. 1840 lave at Nanawale Bay, with 29 per cent of olivine of the composi- 
tion shown in column 2.subtracted, and the whole Eecal culated to. 100 
per cent. EE 

4. Olivine basalt, lava of 1894(?), foor of Kilauea Caldera. J. B. Fetguion, FER 
analyst. Day, A. L., and Shepherd, E. S.: 1918, Water and Xoleanle , “ey 
activity. Geol. Soc. Am. Bull, vol. 24, p. 586. 

5. Olivine basalt, aa phase of lava flow of 1920, Mauna Iki. H. $. Waki 

: ington, analyst. — H. S.: Op. cit, p. 851. | EE 
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«which crystallizes out in considerable excess of its stoichiometric. .. 


= proportions, and the. remaining magma.? „For comparison, 


j; position they are very; much like the lavas of 1840 erupted from +. ' 


[j 
- 


\ 


columns 4 and 5 of the table, give analyses of two other historic 
‘lavas, of Kilauea, both'of which contain normative quartz and. . 
show a féw per cent of olivine in thin section. In modal com- 


the upper group of vents. It is safe'to infer that if an analysis 
of the 1840 lavas from the upper vents were available, it would 


: not differ greatly from the m eve in column'3,, 4, and ` 


5 of the table. 


Orima ÉXAMELES OF GRAVITATIVE DIFFERENTIATION IN 
. VOLCANIC Conbourrs. 


i 
, 


i ‘Catan other examples of extrusions that appear to indie 
differentiation of. the magma in a volcanic’ conduit may be 
`“ briefly. mentioned: During: the outbreak of Sakura-jima. in ' 


- 1914, lavas were erupted’ from rows of vents on two’ sides of the 
voleano. Both groups of lavas were olivine-bearing hyper- " 


sthene andesites, but those on the éastern flank were slightly 
more femic than those on the western flank. The principal 
“difference lay in the consistent presence of olivine in the'eastern ` 
.lavas, that mineral being only sporadically present in the west- 
ern flows. The difference i in composition of the lavas was attrib- : 


‘uted by Koto to gravitative differentiation in the volcanic con-. ` 


duit, the fissure that fed the eastern vents presumably having 
tapped the main conduit at a lower level than that which fed 
the western vents. In addition, associated with the western 
lavas and occurring at the lateral margin and at the terminal 
front of the flows, there were slightly more ‘salic lavas charac- 
. teristically free from olivine, which were believed to represent 
the uppermost, first erupted, and most salic pou of the 
differentiated magma column.” 

 Composité lava flows in Renfrewshire, Scotland, — by 
Kennedy, consist of a lower portion of nonporphyritic basaltic _ 
múgéarite. grading upward into a: porphyritic rock of similar _ 
groundmass composition but'containing many large phenocrysts 


¿OÍ labradorite-bytownite. The porphyritic rock is shown to. + 


' have been.extruded over the nonporphyritic 1 rock at.u slightly. 


. 1* Washington, H. S.. 1928, Petrology of the Hawallan Islands; L Kohala . 


and Mauna Kea, Hawail. ‘Amer. Jour. Sci., 5th ser., vol. 5, pp. 469-470. 
. ** Koto, B.: 1916, The' great eruption of Sakura‘jima in 1914. SOY Imp.: 


"Univ, Coll. Sci. Jour., vol. 88, art. 8, Pp». 144-145, 176-187. 
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later date bùt while the. ‘nonporphyritic lava was still fluid. 


Some mixing occurred at the contact, plagioclase phenocrysts. 


sinking a short distance into the underlying magma.  Differen- 
tiation is believed to have occurred in the magma chamber or 
conduit, effusion commencing with the nonporphyritic magma 
that occupied the upper part of the chamber, and finishing with 
the porphyritic magma from a lower level in the magma cham- 
ber, which had been enriched in sünken-phenocrysts." Simi- 
lar lava flows in Skye are believed to have had a similar origin, 
and it is suggested that the same general process may have 
opera in producing the variations in the 1950 lava flow of 
Etna.” 


consists of upper and lower portions of andesine magearite, 
and a slightly later central portion of trachyandesite. The 
mugearite cooled most rapidly at top and bottom, leaving a 


^. still-fluid central portion that continued to flow. During the 


process of extrusion the composition of the magma changed 
from mugearite to trachyandesite, the latter following the fluid 


mugearite into the tube left between the chilled upper and 


lower portions of the mugearite, and reacting with the mugear- 
ite to produce a series of mixed rocks. It is suggested that 
the differentiation which produced the mugearite and trachy- 
andesite occurred in the volcanic throat.” If the effusion took 
place from the summit vent, it would be expected that the upper, 
salic facies (trachyandesite) ‘should have preceded the lower, 
femic facies (mugearite). Actually, however, the sequence was 


the opposite of this. It appears probable that a fissure tapped ` 


the magma column, at a level occupied by mugearite, gradually 
draining the column from that level upward, and thus resulting 
in the sequence mugearite-trachyandesite. 

Rittmann states that during periods of a clogged vent at 
Vesuvius, gravitative differentiation in the conduit results in 
the rising of light crystals of leucite, which accumulate directly 
-beneath the plug, while heavy crystals of biotite, diopsidic 
augite, and calcic pega sink downward in the magma. 


n Kennedy, w. Q.: 1981, On composite lava fea Geol. Magazine, 68, 
pp. 166-176. 


*! Idem, pp. 176-181. ` 
»! Kennedy, W. Q.: 1988, Composite — in & Carboniferous lava 


flow. Geol. Survey of “Great Briain, Summary of Progress for 1982, pt. 2, 
pp. 88-98. 


Another type of composite lava flow described by Kennedy 
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Bucte dins plinian: explosions hurl’ out these differentiation | 
producte and deposit , them in inverse order on the mountain- 
side." 
CoxcLUSIONS. 
“The 1840 eruption of Kilauea thus yielded two groups of 


lava flows of markedly different composition from two groups 
of vents of markedly different altitude. "The lavas from the 


^. upper vent are olivine basalts practically devoid of olivine 


phenocrysts,.whereas those from the lower vents are picritic 
basalts containing, on the average, 29 per cent olivine pheno- 
crysts. The difference in composition of the rocks is, however, 
largely or entirely attributable to the presence of the olivine 
phenocrysts in the picritic basalt from the lower vents. Dis- 
regarding the phenocrysts, the remainder of the rock has a. 
composition closely resembling that of the lavas from the upper ' 
vents. - 

The conclusion appears inescapable that the fissures that fed - 
the upper group of vents tapped the upper part of the Kilauean, . 
magma column, whereas those that fed the lower group of vents 
tapped the magma column at a lower level. The erupted lavas 
differ in composition because of gravitative differentiation in 
the Kilauean magma column, which involved the settling of 
intratelluric phenocrysts of olivine, leaving the upper part of 
the magma nearly free of olivine phenocrysts, while a lower 
portion.of the magma became enriched in olivine. The same 
process has probably been the mode. of development of the. 
many other picritic basalts of Hawaiian volcanoes, some of 
which contain only olivine phenocrysts, but many of which ' 
- contain augite phenocrysts as well. It is possible that the - 
plagioclase phenocrysts in the lava flow west of Kane Nui o 
' Hamo are the result of flotation of crystals lighter than the 
enclosing magma, but the evidence is much less convincing than 
that pointing to the sinking of olivines. 

. Although fissuring of the ground was more or less continuous 
from the upper to the lower vents, it appears to have been 
largely a surficial phenomenon. The upper and lower groups 
of vents were probably not situated on a single continuous deep- 
seated fissure. If they had been so situated, opening of the 


fissure to the level of the lower vents should have resulted i In ` 


24 Rittmann, A.: 1986, Vulkane und ihre Tätigkeit. Stuttgart, pp. 98, 97, 
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draining of the volcanic conduit to that level, and there should 
have been erupted some of the magnia of intermediate compo- 
sition which almost certainly existed in the conduit between the 
levels that fed the upper vents and those that fed the lower 
vents, This lava of intermediate composition has not been 
found. There appears to have been little extrusion in the area 
between the upper and lower. groups of vents.. It-may be that 
the only &ctively eruptive portion of the magma was the lower 
portion, the wedging action of which opened a way for itself 
to the surface and also split the upper part of the volcano, 


, allowing the magma that filled the upper part of the conduit 


and flooded the caldera floor to escapé passively, forming the 
flows at the MBper group of vents. 


U. S. GEOLOGICAL €— 
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 APHELECRINUS, A NEW INADUNATE — 
CRINOID GENUS FROM THE UPPER 
MISSISSIPPIAN. 


EDWIN KIRK.’ 


- ABSTRACT: A new crinoid genus, Aphelecrinus, le described. The genus 


has a long stratigraphic range, from the St. Louis to the high Chester. 
It also has a wide geographic range. One species from the upper Mississip- 


. pian of Scotland is referred to the genus. 


APHELECRINUS, new genus. 
Genotype A phelecrinus elegans, new species. 


Crown. Moderately high, compact. 

Dorsal cup. Turbinate to narrowly campanulate. 

IBB. Large, forming an ues part of the wall of 
the cup. , E . 

BB. Large. ' 

RR. Wider than high, large. Facet full width of R, linear. | 
Sature gaping. | B 

- IBr. .One in each ray, high, stouk, constricted slightly 


i medially. 


Arms. Of medium length, moderately stout. Typically one 
isotomous division above the IAr. Among the described spe- 
cies no further division’ has been. seen, but in one described 
and one undescribed species there are one or more spo- 
radic divisions distad. The division above the main dichotom 


. is high up, at from one-third to one-half the height of the 


bs 


arms.  'The Brr have slightly sloping faces in the earlier ` 
species; becoming cuneate in later forms. Im one species 
the Brr in: some cases fail to extend to the far side of 
the ramus. The pinnules are long and moderately stout. 
The JIBrr, are conspicuously long and in some cases, at CREN 
bear pinnules. 

Post IR. RA large, not das deeply between post 


and r post BB. . X large, extending well above the plane 'of 
the RR. RT smaller than anal X, the greater portion of 


the plate being above the plane of the RR. 
Ventral sac. Extending to about one-half io two-thirds 


1 Published with the permission of the Director, Geological Survey, United 
States Department of the Interior. 
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'the height of the aris. . Reflexed and composed of numerous 
vertical rows of small, polygonal plates. 

Column. Typically circular’ in section, with fairly well 
defined nodal and internodal series. One species referred to 
the genus has.a subpentagonal column. The lumen is pentag- 
onal to pentalobate. 

Strattgraphic and geographic distribution.—A phelecrinus 
has perhaps the widest stratigraphic and geographic range 
of any known’ upper Mississippian genus. In addition to the 
described species referred to the genus and the new forms - 
here described, there ‘are several undescribed species. Strati- 
graphically the genus ranges from the St. Louis to the high 
Chester. It is found throughout the Mississippi Valley areas 
of St. Louis and Chester and in Alabama and Kentucky. It is 
also identified in Scotland in beds correlated with the American 
Chester. 

Relattonships.—-A phelecrinus seems to be more: nearly 
related to Phacelocrinus than any other described genus. It is 

interesting to note that the two genera are essentially coter- 
 minous as to their known stratigraphic and geographic ranges. i 
The most obvious difference between the two genera lies in the 
structure of the arms. In Aphelecrinus there is a single primi- 
brach that shows no signs of being compound. In Phacelo- 
crinus there are two IBrr; and, even in later species where more 
. or less complete anchylosis has taken place, the elements are 
recognizable. The arms.of A phelecrinus are, relatively shorter 
and stouter than in Phacelocrinus. In Aphelecrinus there is an . 
isotomous division of each ramus above the primaxdl. In 
Phacelocrinus the rami typically do not bifurcate. In very late 
species of the genus an irregular sporadic branching of the 
arms is to be found in occasional rays. The column-of A phele- 
crinus is typically round, a subpentagonal section in the proxi- 
mal portion of the column being seen in but one species. In 
Phacelocrinus the column is sharply pentagonal in section. 

-With the elimination of Scaphsocrinus. of Wachsmuth and 
Springer (not Hall), all the species previously referred to 
Scaphiocrinus were supposed to be transferred to Pachy- 
locrinus. Pachylocrinus is a well-defined genus. It has a 
depressed bowl-shaped dorsal cup, with the IBB within the 
basal depression. There are two IBrr. The arms in the earlier 
species have one or two isotomous divisions above the I4. 
In the later and more typical species, however, there is devel- 
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oped an endotomous arm with several divisions. Pachylocrinus . ' 
is a Decadocrinus with branching arms and no doubt is directly 
derived from that genus. There is no close relationship with 
such a genus as A phelecrinus. 


Species referred to the genus: ; 
A phelecrinus bayensis (Meek and Worthen), new combination. 
Poteriocrinus (Scaphiocrinus) bayensis Meek and Worthen 
1865, p. 157. “Chester, Bay City, Pope County, Illinois." 
Poteriocrinus (Scaphiocrinus) bayensis Meek and Worthen 
1878, p. 55, Pl. 20, Fig. 2. 
Poteriocrinus (Decadocrinus) bagensis (Meek and Worthen) 
Wachsmuth and Springer 1880 p,. 119 (344). 


Scaphiocrinus bayensis Meek and Worthen was described as 
bearing undivided arms above the Az, but the distal portions 
of the arms are poorly preserved, and the division may not have 
been recognized. Wachsmuth identified a typical undescribed 
species of Aphelecrinus from Kentucky as bayensis. As he, 
and Worthen were quite intimate, it is propane that this was 
a joint identification. . ; ; 


ÁPHELECRINUS CRASSUS Krex, new species. 
Plate 1, Fig. 11. 


` This species is represented by a single reasonably complete- 
crown, weathered but in a fair state of preservation. It is 

described because of its large size and its apparently late evolu- 

^ tionary stage of development. 

The crown has a height of — 80 millimeters, of which 
the dorsal cup takes up 12.5 millimeters. The crown is com- 
pact and is notable in the massive habit of the arms. With a 
height of 12.5 millimeters the dorsal cup has-an estimated 
average diameter of about 16 millimeters. «The cup is, tur- 
binate, without apparent outward flare at the level of the 
radials. 

‘The IBB are wider than high — a closely united cir- 
clet approximately one-third the height of the cup. The BB 
average wider than high. The RR are large. On the articu- 
lating face the fulcral ridge extends the full width of the radial. 
The dorsal ligament'fossa is narrow. The ligament pit is 
elongate, deep, and sharply defined. Owing to crushing, only .. 
RA is shown in the posterior interradius. The faces of the 
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plates preserved, however, show . that the normal three-plate 


- structure obtained. 


The l4z is low and broad. The arms are long and aanstnlly 
-heavy. The second division of the arms comes at about one- 
fourth their height. The IIBr, is large. The next succeeding 
Br is much lower and is nearly rectangular in outline. Distad, 
the Brr are cuneate and in many cases fail to reach to the far 
side of the ramus. 

Nothing is known of the ventral sac. 

The column is circular in section, with well-developed nodals. 
The lumen is pentagonal in outline. 

Horizon and locality.—The stratigraphic horizon of the 
specimen is unknown other than that it is Chester. The label | 
merely reads: “Chester, Chester, Illinois." 

Type.—The holotype i is S 4489 in the Springer collection in 
the United States National Museum. 

Relationships.—A. crassus most nearly resembles A. oka- 
wensis (Worthen). Both apparently come from the high 
Chester near Chester, Illinois. The figure of A. okawensis was 
made by Charles Worthen, who at best was an indifferent drafts- 
man. However, it would seem that we are dealing with differ- 
ent species. In A. okawensis the dorsal cup has a decidedly 
convex outline as against the relatively narrow, straight-sided 
cup of 4. crassus. In A. chawensts the IBB are relatively 
small and narrow. In 4. crassus they are much larger and 
very broad. ~ The arms of A. crassus are proportionally 
stouter than in 4. okawensts. In A. crassus the brachials, 
particularly in the proximal portions of the arms, are high and 
tumid on the pinnule-bearing side; narrowing rapidly and in 
. many cases not reaching the other side of the ramus. Nothing 

like this is shown in 4. okawensis, eee this could be explained 
ag careless drawing. 


Aphelecrinus dunlopi (Wright), m new combination. 
Pachylocrinus dunlopi Wright 1986, p. 401, Text-figs. 25-26, 
Pl. 8, Fig. 2. 
Pachylocrinus opt Wright 1989, p. 20, Text-fig. 12, Pl. 
7, Figs. 1, . i 


In the Scottish upper Mississippian, Wright describes a 
crinoid that could well be referred to Aphelecrinus. This is his 
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ES Pachylocrimis dunlopi. » The other species referred to Pachg-^ 
locrinus by him are quite different types. Aphelecrinus dunlopi ` 


(Wright), new combination, has an irregular tertiary division 
- of the arms. This structure, though. not typical, would not : 
exclude the species from the genus. It is a variant that should . 
be anticipated. and indeed: occurs in at least one undescribed | 
American species that I would. refer to ihe; genus. — 
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Plate 1, Figs. 6-8. 


i "vt 


haps the earliest: known Species of the genus. It is, however, ^' 
from a well-known horizon and. is represented by 15'or moré 

adequate specimens in the collections of the United States ' 
` National Museum alone. For these reasons, and as it shows all 


the characteristic, structures of the: genus, it has. been chosen | 


as. genotype rather than one of the later, larger species. 


The series of specimens available for study shows. a con- . 


 siderable range in size. As large collections have been made , 


' from this horizon over a long period of years, it is probable 


that the largest specinien represented, the holotype, i 18 of about . 


maximum size.for the species. It is from this"specimen that . , 


- the measurements given hereafter havebeen made. The measure". 
ments-are intended merely to give relative proportions and sizes. 


- of' structural unite and naturally. vary amore different | i 


individuals. - - | 
The crown of the largest. specimen’ Hasi a Herit of 38 milli- 
meters. When not crushed the crown is'of compact habit. The 


dorsal cup has a height of 4.4 millimeters and a maximum ..: 
breadth at the arm-bases of approximatély 6 millimeters. The .. 


| cupis campanulate i in shape, with a slight but well-defined out- 
ward flare at the level of the RR. 


maximum breadth of 1.8 millimeters. The BB Have an average . 


"su . height of 2.2 millimeters and à maximum breadth of 2.6 milli- 


meters. . The RR have an average height of 1.7 millimeters and 
a: maximum breadth of 3 millimeters.” In the post IR, RA is, 


Lm 


This form is one of the, smallest and stratigraphieally 7 per- ~ - 


. large, resting unequally on post and r- post BB, with the larger | i 


face on post B. ‘RA reaches to about one-half the height of 
 rnpost R. Anal X is proportionally very large, fully half the - 


plate extending above the facet. of l post R. The rī i is some- : 


) what meller than X. 


4 


A 


hj 


The IBB have ‘an average height of 1.2 millimeters and a B 
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"The ventral sac is long. and relatively slender. It is reflexed, 
and though the opening has not been seen, it probably lies at 
about half the height of the sac on the anterior side. The sac 
is somewhat flattened on the posterior side and reaches its 
greatest breadth at' the apex. As the sac turns downward it 
becomes smaller, which gives the doubled portion of the sac a 
subtriangular cross section. At the base of the sac, on the 
posterior side, are at least two pairs of large tube plates. 
Distad there are four vertical series of plates. The tube plates 
are indented at their angles. 

The arms are relatively short and stout. There is a single 
IBr, which is axillary. It is relatively large, having a height 
of 2.6 millimeters. Although somewhat constricted medially, 
it shows no signs of being compound. The IIBrr, as a rule, 
range from 8 to 10 in number. The first IIBr is large and 
clearly differentiated from the higher Brr. Distad the Brr : 
have sloping faces and bear pinnules from the second Br 
onward. The pinnules are long and stout. 

"The column is circular in section, with a pentagonal lumen. 
The nodals are relatively high and wide, with rounded edges, 
clearly differentiating them from the internodal series. 

" Horizon and locality.—The principal locality for the spe- 
cles is about seven miles south of Huntsville, near Whitesburg, 
Alabama, on the ridge east of the road. The same horizon that 
has yielded abundant crinoids in the past is also found at the 
south end of the ridge west of the road. . The horizon is called 
Ste. Genevieve in the Alabama State Geological Survey reports, 
but this age assignment is far from certain.’ 

Types.—The holotype, S 4485a, and paratype, S 4435b, 
are in the Springer collection in the United States National 
Museum. The collectors: of the types were Bernhardina and 
Charles Wachsmuth. The holytype i is the specimen. figured in 
Plate 1, Figs. 7 to 8. 

Relationships —AÁ. icons bosse no close resemblance to any 
known species of the genus. It is the smallest known species 
of'the genus excepting A. scoparius. From A. scoparius it 
differs in the campanulate cup, with outward-flaring radials, 
and the stout arms. In the shape of the dorsal cup it most — 
nearly resembles 4. mundus, from a much higher stratigraphic | 
horizon. In the case of A. mundus we have a pentagonal 
column, hourglass-shaped IA, and the second divisions of the 
rami fairly high up. A. elegans has a round column, [Agr 
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slightly constricted medially, and the ramus division at a lowe 
level.” 


APHELECRINUS LIMATUS Kink, new species. 
Plate 1, Fig. 10. 


The specimen chosen as holotype ‘of this species was figured 
by Springer (1926, p..67, Pl. 16, Fig. 2) as Pachylocrinus 
scoparius (Hall). The species is described partly in order to ' 
rectify this error of identification and partly in order to ‘illus- 
trate an interesting variant in the structure of the ventral sac. 
Three other specimens have tentatively been assigned to this 
species. All are weathered, and accurate identification is not 
possible. : i 

The holotype is a fairly young individual and still shows 
some juvenile characters. The crown of the holotype has a 
height of 40 millimeters, with a dorsal cup 5 millimeters in 
height and 7. millimeters in: diameter. The largest crown 
referred to this species has a height of 75 millimeters. The 
crown is compact and unusually tall and slender. 

The dorsal cup is turbinate, not showing the campanulate 
form so commonly found in the genus. “The IBB are relatively 
small. The BB and RR are of approximately equal height. 
"The plates of.the post IR have the usual arrangement for the 
genus. 

The l4xz of the holotype are proportionally large, a juvenile 
character. In any case the [Az is heavy and but slightly con- 
stricted medially. The first IIBr is large and bears a pinnule. 
This is probably true in other species as well but has not been 
seen clearly. The higher Brr are subcuneate to cuneate. The 
pinnules are long and stout. The arms are long and relatively 
slender. The second division takes place at about two-thirds 
the height of the arms in the holotype, as seen in two rays. 

The ventral sac is reflexed and relatively short, being but 
approximately one-half the height of ‘the arms in the holotype 
and much less in older specimens. As seen in lateral view the 
sac is very broad in its distal, redoubled half, In most species 
the sac seems to be more club-shaped. 'The sac is composed of 
numerous vertical series of small plicate plates. At the distal. 
end are some subspinous plates. | 

The column is circular in section and composed of well- 
defined nodal and internodal series. 

Horizon and localitg.—The holotype and one other specimen 
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referred to the species, were collected by Sidney S. Lyon at 
Grayson Springs, Kentucky. A third specimen bears a Lyon cat- 
alogue number that identifies it as from the Falls of the Rough. 
Lyon’ s pasted numbers came off readily in later years and, 
in the case of many specimens, are definitely misplaced. In the 
present case the lithology of the rock is very like that of Gray- 
son Springs and very unlike any known ome from the 
Falls of the Rough. 

Types.—The holotype is S 2618 in the Springer collection 
in the United States National Museum. 

Relationships.—A. limatus most nearly resembles A. mundus. 
A. mundus has a pentagonal column as against the round 
column of 4. limatus. The dorsal cup of 4. limatus has a 
smoothly convex outline as against the campanulate cup, with 
outward-flaring radials, of A. mundus. The [Az in A. mundus 
is sharply constricted medially. There is a very slight con- 
striction in the case of A. limatus. 


APHELECRINUS MUNDUS Kirk, new species. 
Plate 1, Fig. 9. 


This species 18 fused on a — well-preserved crown. The 
. species is of somewhat less than medium size for the Chester 
forms. ‘The crown measures 46 millimeters in height, with 
a dorsal cup 5 millimeters in height and with a maximum diame- 
ter at the arm bases of 8.5 millimeters. 

The dorsal cup is campanulate, with a marked — flare 
at the level of the RR. The RR are convex, giving the cup a 
distinctly pentalobate outhne. The IBB have a height approx- 
imately one-third that of the cup. The BB and RR are of 
approximately equal height. The RR are relatively narrow. 
The post IR is concealed except for the RA. 

The [Aa is high, narrow, and deeply constricted medially. 
The [Aaa of the r post and ant RR are notably longer than 
in the r andl ant RR. Though not seen, the [Aa of the I post 
R would, of course, fall with the group having the greater 
length. There is an undescribed species from the Chester of 
Kentucky in which the [Awaz have even greater disproportionate | 
sizes, The higher brachials are for the most part cuneate in 
outline. Dorsad, each brachial is: nodose, giving the arms a 
somewhat rugose appearance. "The rami divide at varying 
heights. In the ant R the bifurcation takes place at above 
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she half the height of the arm and in the r ant R at less than 


, one-half its height. The arms of the r post R are not pre- 
. served to the division, but they carry on undivided to a height 

almost as great as that seen in the ant R. The pinnules are 
" long and relatively stout. 


Nothing is known of the ventral sac. 

The small portion of the column preserved has * abraded. 
By grinding the distal end of.the column & small portion 
embedded in the rock can be seen. This shows the column to be 
pentagonal i in section. | 

Horizon and localitg.—This specimen was collected by Sid- 
ney S. Lyon in the 1850's and bears his catalogue number 217. 
It came from the old locality at Grayson Springs, Kentucky. 
This horizon has been —— as Glen Dean, but this i is open . 
toquestion. ' 

Type.—The holotype, S 4437, is in the Springer conector : 
in the United States National Museum. 

Relationships —A. mundus most nearly resembles A. limatus. 


A comparison of the two is given under 4. limatus: 


Aphelecrimus okawensis (Worthen), new combination. 
Potertocrinus okawensis Worthen 1882, p. 24. 
“Chester limestone; Okaw River above Chester, Randolph 
County, Illinois." 


. Poteriocrinus okawensis Worthen 1888, p. 296, Pl. 29,.Fig. 2. 


Scapkiocrinus okawensis (Worthen). Wachsmuth and Springer . 
1886, p. 286 (160). 


APHELECRINUS OWENI Kex, new species. 


This species is based on a complete crown of an individual 
of medium size, the crown of & làrger specimen with & partial 
set of arms, a partial set of arms showing the distal portion 


- of the ventral sac, and seven dorsal cups of various sizes, some 


with a few bra'chials attached. 
The crown is of moderate height, the cup being approxi- 
mately one-sixth the height of the crown in a ones of 


. medium size: 


The dorsal cup is turbinate, with a maximum breadth some- . 
what greater than the height. The surface of the plates is . 
papilldse. The IBB form an appreciable part of the cup wall. - 


The BB are large. Post B supports RA and X and extends 


upward to about one-half the height of 1 post R. R post B: 
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supports RA in its upper left shoulder. The RR have a height — 


somewhat less than that of the BB. The RR are strongly con- 
vex in their vertical axes, giving the cup & somewhat petaloid 
aspect when viewed from below or above.’ The radial facets 
are linear and extend practically the full width of the RR. The 
suture is slightly gaping. RA is large, reaching upward to 
above half the height of r post R. X is large, extending 
upward well above the level of 1 post R. RT is large, the 
greater part of the plate extending above the cup proper. 

The rami are.slender in younger specimens, becoming réla- . 
tively stout in older individuals. The Brr have sloping faces: 
in all stages, becoming sharply cuneate in later ontogeny. 
There seems to have. been incompetent union between the Brr, 
for [Az is usually partially dissociated and shifted from its 
seat on R, and similar dissociatior is to be noted as between 
consecutive Brr higher in the rami. 

There is a single IBr in each radius. The ls 3 18 propor- 
tionally, stout and in medium- to large-sized Specimens 1s 
slightly constricted medially. The JIBr, is conspicuously long, 
and the pair in each ray is in close contact laterally.’ The 
number of IIBrr seems to range.from 10 to 12. No division 
of the ramus has been seen above IL4z. The pinnules are borne 
alternately by the Brr from 7IBr,. distad. The pinnules are 
relatively long and fairly stout. © 

The ventral sac is stout and composed of numerous vertical 
rows of strongly carinate tube plates. These plates in older 
specimens are marked by high carinae normal to the faces. 
The sac is reflexed. The ventral sac extends approximately to 
two-thirds the height of the arms. 

In one specimen two columnals are preserved. These are 
pentagonal in outline, but it is probable that the column was 
circular in section distad. 

The specific name is given in honor of David’ Dale Owen, 
pioneer in the geological explorations of Kentucky, as well as 
other regions, and an early student of the Crinoidea. 

Horizon and locality.—Sidney S. Lyon collected the speci- 
mens in the 1850's from a locality known as Falls of Rough 
Creek, which lies on the boundary between Grayson and. Breck- 
inridge Counties, Kentucky. The locality is described and a | 
section given by Owen (1850, p. 173). The gpecimens, judg- 
ing by the lithology of the matrix and preservation, were col- 
. lected on one horizon., The horizon is uncertain at present, but 
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it probably lies in the upper Chester. The horizon can be 
established easily when field. work is done in the area. 

- Types.— The holotype, S 4436a, and paratype, S 4486b, 
, are in the Springer collection in the United States. National 
. Museum. The specimens were originally in the Lyon collection 
as No. 190. As holotype I Baye chosen the specimen shown as 
Plate 11, Fig. 2. 

Relationships. A. oweni bears some resemblance to A. mun- 
dus. A. owentis a much larger species. The sides of the dorsal 
cup of 4. owens diverge more rapidly than in 4. mundus, and 
the radials do not have the decided outward flare of the latter 
species. The [Aa of A. oweni is slightly constricted medially, 
as against the — shape of 4. mundus. ! 


A phelecrinus UU NES (Worthen), new combination. 


+ Poterioctinites (Scaphtocrinus) randolphensis Worthen 1878 


in F. B. Meek and A. H. Worthen, p. 551, Pl, 21, Fig. 14. 
“Chester; Chester, Illinois." 


- Poteriocrinus (Scaphiocrinus) randolphensss Worthen. Wace 


smuth and Springer 1880, p. 113 (959). 


Aphelecrinus scopariús (Hall), new combination. 

. Scaphtocrinus scoparius Hall 1858, p. 680, Text-fig. 108, Pl. 
25, Figs. 8a, b. | 
“Kaskaskia limestone, Chester, Illinois." oe Louis lime- 

stone fide Worthen, 1882 and 1888.) 

Poteriocrmus (Scaphiocrinus) scoparius (Hall). Wachsmuth 
and Springer 1880, p. 113 (338). 

Non Pachylocrinus scoparius (Hall). Springer 1926, p. 67, 
Pl. 16, Fig. 2. (= Aphelecrinus limatus, new species.) 


I have not been able to find the holotype of this species. 
However, in the Springer collection are two casts of the 
specimen, one of plaster and one of sulphur. They are both of 
indifferent quality, and, considering the small size of the epee 
men, little information 1s to be had from them. 

The general habit of the crinoid, the single long primibrach, 
and the divisions of the rami seem to warrant the assignment of 
the species to Aphelecrinus. 

It 1s to be noted that Worthen ( 1882, p. 17; 1883, p. 286) 
in a footnote states that this species as well as Seali 
decabrachiatus, S. internodius, and Zeacrinus intermedius, ' 
likewise described by Hall, were not from the Chester. He 
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states that he collected the specimens. himself: and thatzthey 

were from the St. Louis limestone. It is impossible: to resolve |, 
the problem at this time. Worthen was very accürate, and; his |. 
statement should carry considerable weight. On the other 7 
hand, he may have been mistaken. ME 


APHELECRINUS SIMPLEX Kirk, new species. 
Plate 1, Figs. 4, 5. 


This species is based on a single fairly well preserved crown. 
It is described because it shows a large part of the ventral sac 
and comes from a known locality in the Ilinois Chester. 

The crown is of.medium size, with an overall height of 45° 
millimeters. The dorsal cup has a height of 5.5 millimeters 
and an estimated maximum diameter, uncrushed, of. 10+ 
millimeters. . 

The dorsal cup is crushed, but its general shape can be 
estimated with a fair degree of accuracy. The cup is lower, 
_and broader than in most species of the genus, and there is a 
pronounced outward flare of the RR. The cup, owing to the 
convexity of the RR, is distinctly pentalobate at the level of 
the arm bases. The ZBB are relatively small and inconspicu- 
ous. The BB are also relatively smaller than usual. The 
RR are large and convex. RA is large, extending up to two- 
thirds the height of r pos? R. X is large, one-half reaching 
above the level of the RR. RT is larger than RA. b 

The [Awa are short, stout, and slightly constricted medially. 
The Brr are subcuneate to cuneate but always extend the full 
width of the ramus. The higher divisions of the rami take place 
at varying heights as seen. In [| post R the divisions take place 
&t about one-fourth the height of the arms, while in the r post 
R the division is much higher, at about one-third the height of 
the arms. 

The ventral sac is long, reaching to more than three-fourths 
the height of the arms. X supports a plate on its truncate 
distal face, a large tube plate on its left shoulder, and rT 
‘on its right shoulder. - Following these three plates distad as 
far as seen are vertical rows of large plates. As seen from 
the anterior side the sac is made up of several vertical series 
of small, hexagonal, plicate plates. The distal end of the sac 
is composed of a number of nodose to subspinous, heavy plates. 

. Horizon and locality. The locality as given by Fred Braun, 
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the eto is | «4.8/4 miles south-west of Floraville near 
"Marteen School on road fording creek south of Waters Creek." 
This locality is in Monroe Courity, Illinois. This is in the 
Waterloo quadrangle. According to Springer, presumably 
. based on Stuart Weller’s authority, the horizon i is Renault in 
the Chester. " 

Type.—The holotype is S 4438 in the Springer collection in 
the United States National Museum. 

Relationships —A. venustus (Worthen) comes from the same 
' general region as A. simplex. but, of course, might have been - 
collected from quite & different geen: The two specimens 
figured by Worthen as venustus and peculiaris may be young ` 
individuals. Nevertheless, the present species does not seem to 
be conspecrfic. The cup of A. simplex is relatively lower and. 
broader than in venustus, and there is an outward flare of the 
radials that is lacking in 4. venustus. The arms in A. simplex 
are relatively stouter. | 


Aphelecrinus venustus (Worthen), new combination. ` 
Poteriocrimus venustus Worthen 1882, p. 24. 
- “Chester limestone ; Monroe County, Illinois." 
Poteriocrinus venustus Worthen 1883, p. 297, Pl. 29, Figs. 
18a, b. 
Scaphiocrinus venustus (Worthen). Wachamuth and Springer 
1886, p. 286 (160): | 


Synongmy.— | 
| Aphelecrinus peculiaris (Worthen), new oi. 
Poteriocrinus clytis Worthen 1882, p. 25 (non P. clytis Wor- 
then 1882, p. 16). 
“Chester limestone; Monroe County, Illinois." 
. Poteriocrinus peculiaris Worthen 1888, p. 298, Pl. 29, Fig. 10 
^ (nom. nov. pro P. clytis Worthen 1882, p- 25, non p. 16). 
Scaphtocrinus peculiaris (Worthen). Wachsmuth and Springer __ 
1886, p. 236 (160) uated: as synonym of $$. venustus an 
_ (Worthen) . 
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PETROLOGY OF TWO CLASTIC DIKES 
.FROM THE PLACERVILLE DISTRICT, 
COLORADO. 


JOHN C. HAFF: 


ABSTRACT. In this paper are presented the results of a petrologic study 
' of two small clastic dikes from the vicinity of Placerville, in San Miguel 
County, southwestern Colorado. The geologic occurrence of the dikes, their 
clastic structure and the diversified composition of their lithic fragments 
` suggest that the source of the material was the underlying pre-Cambrian 
terrane. Microscopic structures indicate that fragmentation and deforma- 


. tion were essentially contemporaneous with emplacement and accomplished 


by forcible intrusion. 


INTRODUOTION. 


N the summer of 1942 portions of the vanadiferous Entrada 
sandstoné, which is exposed in the upper reaches of the 
San Miguel River canyon, San Miguel Ccunty, Colorado, were 
mapped by a United States Geological Survey pàrty in coóper- 
ation with the State of Colorado under the direction of Mr. 
Richard P. Fischer. In the course of this field work, which was 
confined essentially to the area between Placerville and Vana- 
dium (Text Fig. 1), two coarsely fragmental clastic dikes were 
encountered. 

Similar dikes from the Ouray area, approximately 20 miles 
east of Placerville, have been described in detail by, Ransome 
(1900, pp. 227-286), Spurr (1923, pp. 843-849) and Burbank 
(1930, pp. 195-200). Near Ouray the field relations of certain 
large clastic dikes and some ore-bodies suggest significant con- 
trol of mineralization by the clastic masses. Ransome and Bur- 
bank have emphasized the significance of these dikes as possible 
loci of ore deposition and their potential usefulness as guides 
in exploration. These writers also. stressed the intrusive habit 
of the clastic bodies. Both concluded that the dikes must have 

‘been formed by forcible injection of fragmental material 
largely derived from source beds stratigraphically remote from 
the exposures examined.. 


. + Published by permission of the Director, United States Geological 
Survey, and of the Chairman of de Colorado State Geological Survey 
Board. l 
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Fig. 1. Sketch map of the area around Placerville, Colorado, showing the 
approximate location of the clastic dikes described. 
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Study of the dikes from San Miguel County shows that their 
fragmental content is predominantly exotic in composition as 
compared with adjacent sedimentary rocks. As in the Bach- 
" elor mine near Ouray (Burbank, 1930, p. 197) the fragments in 
these dikes have apparently been derived from sources strati- 
` graphically lower than the present exposures; on the other .- 
hand, the fragment assemblages in these dikes differ somewhat 
in lithologic character from those near Ouray for they consist 
largely of pre-Cambrian materials; Microscopic evidence indi- 
cates that the fragments in the Placerville dikes have been 
severely deformed and probably transported hundreds of feet . 
vertically. Moreover, thin-section examination affords definite ¡ 
- evidence that fragment deformation took place contemporane- . 
ously with, or very shortly after, emplacement. This hypothesis 
‘is further substantiated by the field relations which show that 
there has been no appreciable displacement of wall rock. Hence 
© the petrologic data provide verification of the injection origin 
proposed by Burbank and, though differing in details, geherally 
reinforce previous interpretations of comparable occurrences in | 
the HORS district, | 


' GENERAL GEOLOGIC EELATIONS. 


The Placerville district is a physiographically youthful, 
highly dissected portion of the Colorado Plateau. Deep, nar- 
row canyons and precipitous slopes are characteristic and the 
available relief often exceeds 1.500 feet near the principal 
` watercourses. Between the main drainage basins, the import- 
ant one locally being that of the San Miguel River; are broad 
rolling mesas and forested uplands. Near Placerville the 
plateau is underlain by a thick series of nearly horizontal sedi-: 
mentary rocks ranging from Permian to Cretaceous age. These 
rocks are predominantly coarse-clastic and shaly and constitute | 
a thick accumulation of terrestrial and shallow-water deposits. 

Approximately one-half mile northeast of Sawpit (Text Fig. 
l) the sedimentary rocks are intruded by .a dioritic stock, 
presumably of Miocene age (Cross and Larsen, 1985, pp. 105- 
106). Throughout the district are scattered a few thin but 
persistent diabasic and lamprophyric dikes. Normal faults, 
of steep dip and northwesterly trend and with displacement of 


.. 50-150 feet, occur at many places. 


An abbreviated and generalized stratigraphic section for the 
Placerville area is given in Table I. ! 
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pue Hama D. L0 — Di 
| Géneralised Section of Formations near. ron Colorado. 
pe LL p x ; ` COS Feet: 
' Upper Cretaceous C m "X A 
Mancos'shsle ^ - i | A M" 
Dark gray-to black, thin-beddel, sandy shales . 1200-1500. (plus) 
^ . Dakota (P) sándstone' . | ^ l 
; ~ ' Massive, buff-colored, medium-textúred, en sandstone 
with chert PS at or near baso O 200. (plus) 


- Upper Jurassic ZU "UL E 
- y Morrison formation’: , i ' 
Alternating buf or gray, cross-bedded sandstones and artes 
ish or purplish shales :............. ciel eee. m 575 
— Wanakah formation. —— 
Marl member. : 
- Predominantly patie or E thin-bedded shale 
with irregular knots and lamps of calcareous material. 85 
` Bilk Creek sandstone member, 
Uniformly fine to medium-textured,. light ay to white, 
massive sandstone ........ ssec e. 25 
3 Pony Express limestone member . >` 
‘ Dense, uniformly fine-textured, unfosalliferons . ala 
- limestone’ — guy Po FUP E 10 
Entrada sandstone.  - i 2 
Medium-textured, white o or ‘cream-colored, strongly cross- 
bedded sandstone containing frosted quarts grains . 40 


` Jurassic (?) and Triassic ^ iu M : 


= ” 


Wingate (?) sandstone 7 l | e ` 
; "Thin-bedded fawn to buff-colored calcareous sanditoné .... 10-20 


Dolores formation | 
, _ Alternating brick-red, — — and ferruginous 
_ Shales. Contains conglomeratic layers with rounded blue 
and brown Heston Pore NUN: Cia sunset seda 600 
Permian ; Y 
^^ Cutler formation? gU 
Dark red or'maroon — &nd NES fissile shales with 


lenses of Mi NEC bearing cobbles of pré-Cambrian 
o PE Qu — I + + «800 (plus; 


"E LOCATION OF THE DIKES. n 


'The smaller of the two dikes, hereinafter called the Sawpit 
dike, crops out 20-50 feet below ‘the Hastings. Mesa road at & 
point about thiee‘quarters: of a mile north of Sawpit (Text . 


* Goldman and Spencer; (1941, pp. 1745-1768), have subdivided the Morri- 
son into four distinct parts, three of which are now classified by the Geo- 
logical Survey as members of the- — formation of perd 
, Upper Jurassic age ` 

* Cross and Larsen: (1985, p. 80), assign — thicknesá of 1500 ` 
feet to Sue Cutler. formation in the San Juan region. , C X 
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Fig. 1). This dike strikes N 80° W, dips 90° and ranges from 
8 to 20 inches in thickness on the outerop. At this locality the 
30 feet of exposure available is sufficient to show that the dike 
cuts both the Dolores and the buff Wingate (?) sandstone 
underlying the Entrada. ‘This narrow dike could not be traced 
upward into the Entrada which, near this locality, is well 
exposed in the roadway. 

The larger and better.exposed dike, here called the Placer- 
ville dike, crops out on Colorado State Highway No. 145, 
approximately half way between Placerville and Fall Creek 
P.O. It is exposed in a cut on the north side of the road as 
a light-colored dike 18 to 24 inches thick. This dike strikes 
N 80° E, dips 85” southward and cuts dark, reddish-brown Cut- 
ler sandstone. It can be traced continuously for over 500 feet 
in a general easterly direction, in which distance & vertical 
range of at least'200 feet of the dike is exposed. 


DETAILED FIELD RELATIONS. 


The contacts of both dikes against the enclosing sedimentary 
rocks are clean and sharp. There is no evidence whatever of 
exothermic effects in the adjoining rocks. No development of. 
cross-cutting apophyses or of masses insinuated along the bed- 
ding of the host rock were observed. The outcrops are too 
limited to permit any generalization regarding the behavior of . 
the dikes down the dip. In neither exposure could the slightest 
evidence of displacement of the strata in contact with the dikes 


PLATE 1. | 

Fig. 1. Photomicrograph taken to show the general fragmental structure 
of the Placerville dike, the jagged form of the clastic quartz and feldspar 
grains, and the dense, dark appearance of the carbonate and ferruginous 
. matter in the matrix. Plane polarized light, mag. 85 x. , 

,Fig. 2. Photomicrograph showing the variability in texture and structure 
of the Placerville dike. 'In this field most of the matrix is turbid carbonate. 
The colorless fragment near the bottom of the field is quartzite. On the 
right are three unaltered clastic feldspar grains. Plane polarised, mag. 85 x. 

Fig. 8. Photomicrograph showing the typical angular outlines of the 
quartz grains and their general turbidity. Tte grain in the upper part of 
the field’ is transected by distinct micro-crevices. Placerville dike. Plane 
polarized light, mag. 85 x. 

Fig. 4 This field contains a sericite phyllite fragment which has been 
almost completely replaced by carbonate along the original foliation planes. 
At the lower right is a grain of recrystallized limestone. The dark, nearly 
opaque character of the matrix is well shown. Sawpit dike. Plane 
polarized light, mag. 85 x. 
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be found. No significant variability in the thickness of the 
Placerville dike was observed throughout the vertical extent vis- ` 
ible. ‘The Sawpit dike, however, pinches out vertically within 
less than 25 feet, although perhaps only locally. 

A conspicuous feature of both dikes is the orientation of 
elongate and tabular lithic fragments whose long axes are 
habitually aligned parallel to contacts. It is the black shale, 
schist, and phaneritic igneous rock fragments that usually par- 
take of this strong orientation. In the Sawpit dike there is 
appreciable variability, both in composition and texture, of the 
fragments within the restricted exposure. Whereas the lower 
part of this dike is congested with rock fregments, the upper 
part is a uniformly fine-textured aggregate of fragmental 
quartz and carbonate. 


MEGASCOPIC CHARACTERISTICS. 


The Sawpit dike is buff-colored and its fragments usually 
blend inconspicuously with the matrix. The groundmass 
aggregate is fine-grained and, because of admixed ferruginous 
material, darker than most of the lithic fragments. In this 
rock the lithic particles are elongate, well-rounded, of variable 
texture, and average 2 cm. in length. In addition, angular 
quartz grains and thin, platy, black shale fragments are con- 
spicuous in hand specimen. The dense, fine-textured phase of 
this dike is darker than the rest and contains irregular calcite 
veinlets. Though rock fragments are lacking in this part of 
the dike it grades insensibly into the lower, coarsely fragmenta] 
portion. 

As compared with the Sawpit rock the lithic fragments in the 
Placerville dike possess much greater diversification in both 
composition and structure. It is predominantly a light gray 
rock with a pinkish cast produced by the abundance of granitic 
fragments and isolated feldspar grains. The matrix of this 
rock closely resembles an arkose in appearance. This dike is 
relatively coarse-textured throughout as regards both matrix 
and lithic fragments. On the average the fragments range 
from 1 to 8 em. in length although a few over 5 cm. in length. 
occur sporadically. | 

Superficially both rocks resemble conglomerate much more. 
than breccia because of the rounded outlines of the lithic frag- 
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"ments. In an isolated specimen their general parallelism simu- 
lated bedding or imbrication as'in a rudaceous sediment. The 
Sawpit rock is somewhat broken up bv incipient shear planes 
which are closely spaced near the dike margins. The distribu- 
tion and direction of these intermittent surfaces has been partly 
controlled by the size and shape of the fragments; hence the 
rock tends to break into slabs with hackly fracture, which, on 
the broken surfaces, show slickensided rounded depressions. 


MICROSCOPIC FEATURES. 


Microscopically both dikes have a. well-defined fragmental 
structure (Pl. 1, Fig. 1) and consist predominantly of well- 
rounded lithic fragments and, by contrast, angular quartz 
grains, the latter ranging from 0.5 mm. to 2.0 mm. in cross- 
section. In addition to quartz, clastic grains, of polysvn- . 
thetically twinned plagioclase (Ab, Ang), orthoclase, and micro- 
cline abound. Muscovite, biotite, and hornblende- grains are 
also frequent, together with a few matted chloritic pseudo- 
morphs after former mafics. Magnetite, pyrite, rutile, apatite, 
and a few tourmaline grains are common accessories. Most of 
the biotite is now very pale Ee nearly colorless and only 
faintly pleochroic. 

The matrix of the Sawpit dike i is a relatively fine-textured 
complex of.minute, angular quartz grains, opaque iron-oxides, 
and clay minerals, the whole cemented by carbonate and some 
chalcedonic quartz. This predominantly calcareous aggregate 
‘completely fills the interstices between the lithic. fragments and 
clastic mineral grains. The iron-oxide is distributed in an 
exceedingly blotchy manner, although in a few places it tends 
', to be localized along the contacts between clastic grains and E 
matrix. The Placerville dike matrix is almost, wholly crystal- 
line carbonate (0.1-0.25 mni.) which is in places relatively euhe- 
dral and often forms rather coarse equigranular aggregates. 
This carbonate, though somewhat turbid, does not contain as 
much ferruginous matter as in the Sewpit dikes, but appre- 
ciable cryptocrystalline quartz is everywhere associated with it. | 

“The fine-textured, calcareous phase of the Sawpit dike has a 
uniformly equigranular texture which, in places, is relieved 
by areas of more coarsely crystalline carbonate which was 
probably introduced along the veinlets. , Minute, angular 
quartz grains are the principal clastic component, although 
occasional shreds of muscovite and chlorite, a few apatite and ' 
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—— prisms,’ and dissemjnated. —— grains m 
occur. Lithic fragments,'even of very small dimensions, were 
‘absent in the sections examined. Finely crystalline carbonate 
and ferruginous matter also form the matrix of this variety. 
No clastic feldspar was observed in this phase, and in this 
respect, also it differs markedly from the adjacent coarsely Par 
tic portions of the dike. 

The lithic fragments i in these dikes embrace a wide lithologie 
range, for various plutonic and extrusive igneous rocks, meta- 
morphic rocks, and — rocks are abundsndy 
represented. 

_ Most conspicuous among the — rock fragments 
are well-rounded, elongate grains of finely laminated red and 


black shale. It is certain that the. red shale fragments are, 


derived from either the Cutler or Dolores formations or both. 
On hthologie grounds it appears likely- that some, at least, of 
the black shale fragments in the Sawpit dike represerit brec- 
ciated portions of tlie Morrison, although part of them might 
possibly have been obtained from the Mancos. , Fragments 


of fine-textured, non-fossiliferous limestone, some of them: 


approaching true lithographic types, are perhaps most common 
among the sediments. A few.grains of calcareous sandstone 
and occasionally one of chalcedonic quartz or chert also occur. 


The most probable source of the calcareous fragments in the 
Sawpit dike is the limestone conglomerates of the: Dolores 


formation which it transects. It is more difficult to account 


for the limestone fragments in the Placerville dike. If it be * 


assumed that ‘some have been transported downward in the fis- 
sure, they could also be referred to the Dolores. On the other 
hand, the limestones of the Hermosa’ formation, which is 
nowhere exposed in the immediate ad cannot be excluded 
as a source. : 
Elongate, fine- to medium- — varieties of mica sc 
commonly much modified, are most abundant among the meta- 
morphic fragments. Sericite phyllite fragments, some of which 
still show blastoporphyritic quartz suggestive « of their deriva- 


tion from rhyolitic originals, also occur. The rarer, rounded . 


quartzite fragments have typical mosaic structure and sutured 
. grain contacts. 

The igneous fragments in these dikes are of two — 
kinds; phaneritic granitoid rocks of granitic, granodioritic, 
or perhaps monzonitic composition, and less commonly, rhyo- 
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' Jitic and intermediate eruptives. Granophyre fragments in 
which the micrographic intergrowths are preserved are also 
present. In the Placerville dike fragments of devitrified spher- 
ulitic rhyolite, showing traces of spherulites and flow lines, are 
frequent. 
With the exception of angular quartz grains, silicic phaner- ` 
itic igneous rock fragments are most abundant in both dikes. 
Because of their relatively large size and coarse texture the ` 
details of their microstructure and mineral composition can be 
determined with more certainty than is the case with the other 
rock types. In the muscovite granite fragments microcline is 
without exception the principal feldspar, although some sodic 
plagioclase is almost: always associated therewith. In the 
4 Placerville dike traces of myrmekitic intergrowths are pre- ' 
‘served in some of the granite fragments. The feldspars are 
invariably the most modified minerals in the granites and usu- 
ally are replaced by carbonate. Much of the microcline 
especially has been thus modified and in places selectively | 
' replaced along only one of the two grid directions. : 
Appreciable modification of other kinds of fragments in 
these dikes has ensued after incorporation. In the Sawpit rock 
- many sericite, phyllite fragments have been almost wholly 
replaced by carbonate (Pl. 1, Fig. 4). In some of these the 


~ mica alone has: resisted carbonatization, thereby preserving 


traces of original foliation. It is quite probable that foliated 
metamorphic rock fragments were much more abundant origin- 
ally-than is now apparent and that many of the fine-textured 
calcareous fragments now present are actually pseudo-lime- 
stones. The evidence for this is so convincing, especially in 
those fragments in which peripheral replacement is incomplete, 
that it is most difficult to estimate the original bulk composition 
of these dikes with satisfactory accuracy. In the Placerville 
dike the rhyolitic fragments were especially susceptible to car: 
bonatization. Such attack has proceeded from the grain mar- ` 
gins where carbonate fringes, coextensive with the grain bound- 
aries, can be seen penetrating the host and extending inward 
with development of randomly oriented calcite aggregates at - 


the expense of the microfelsitic groundmass. As may be 


inferred from their structural characteristics many of these 
were originally fragments of glassy rocks which were subject 


to some devitrification prior to inclusion within the dike. 
Y 
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The only adequate source, in the writer's opinion, . for the 
igneous and metamorphic rock fragments in these dikes is the 
pre-Cambrian basement complex beneath the Mesozoic and 
Paleozoic rocks. Throughout the San Juan region this.pre- 
Cambrian terrane is known to include many varieties of granitic 
rocks, schists, and gneisses (Cross and Larsen, 1935, pp. 
17-24). Unfortunately nothing is known regarding the rock 
types underlying the immediate Placerville area. The nearest 
exposures of pre-Cambrian are south of Silverton, some 30 
miles southeast of the area here discussed. A possible source 
for some of the extraneous fragments might be sought in the 
coarsely conglomeratic beds of the Cutler formation. How- 
ever, though some of these conglomerates are arkosic, for the 
most part those exposed near Placerville consist predominantly 
of intermediate eruptive rock fragments. The latter are only 
sparsely represented in the clastic dikes. It seems most likely 
therefore that the abundance of granitic and metamorphic 
fragments in these dikes indicates a pre-Cambrian source. On 
this assumption transportation of clastic particles to positions 
at least 1500-2000 feet — than their source must be 
predicated. 


STRUCTURES IN THE FRAGMENTS. 


Isolated muscovite grains show the effects of deformation in 
two ways. Where situated between or near large rock frag- 
ments some mica grains are contorted and often arched con- 
formably around adjacent lithic grain margins. In some places 
deformed muscovite flakes have been distorted so that the (001) 
cleavage lamellae are separated and divergent fan-wise near 
the grain boundaries. 

Among the clastic mineral grains in these dikes it is the 
ubiquitous quartz which exhibits the greatest variety of micro- 
structures. Much of it 1s exceedingly turbid because of minute 
included gas cavities and it is also often rutilated. Although 
. these dikes are well indurated, and their fragmental constitu- 
ents tightly packed and thoroughly cemented, the retention of 
angular outlines by the clastic grains denotes little, if any, 
encroachment upon them by matrix minerals: 

The quartz grains also show the most pronounced rita: 
.tion and strain effects. Many large quartz grains, though 
microscopically still structural units, have slightly varying 
optical orientation in different, parts of the grain as 1s shown 
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by the irregular extinction. So far às can be determined this 
structure is quite analogous to that typifying *überindividuen" 
as that term 1s applied in petrofabrics. Other quartz grains 
show the ordinary uniformly undulose extinction, without con- 
taining separate areas within which there is unit extinction. 
Stil other grains shów micro-cracks although, rather unex- - 


` pectedly, in these grains the individual areas,with uniform 


extinction are not.all coextensive with the separate parts of 
the grain as defined by the cracks. \ 

A few of the larger quartz frágments are split open in a 
peculiar manner so that small crevices, which begin at the grain 
margins, converge and die out within the grain interior. These 
narrow crevices are filled with the usual calcareous substance 
constituting the matrix of the rock; in such shattered grains: 


adjacent segments have diverse optical orientation. In grains 


possessing such cracks, divergent toward their margins, there 
is no evidence of sufficiently complete rupture to have produced 
measurable displacement of any part with reference to the 
plane of the thin-section. The original outlines of such grains, 
which are now interrupted by narrow re-entrants only, can be 
readily restored. They show absolutely no appreciable relative 
displacement of parts other than the divergent cracks which, 


. though they do not cut wholly across the grains, are appar- 


ently adequate to produce the optical discontinuity shown by 
the variable extinction. It seems manifest that a structure of . 
this kind could only have been developed essentially in situ. It 
is very difficult, if not impossible, to conceive of a fragment 


'. thus previously shattered remaining integral during trans- 


portation and emplacement of a forcibly injected mass. 

In & few places there are found quartz grains which have 
been cracked through. (Pl. 1, Fig. 3), but in which the constitu- 
ent parts are not offset sufficiently to produce more than 
slightly irregular fragment boundaries. Stronger proof that 
much of this fracturing occurred during or only slightly later 
than incorporation of the grains is obtained where cracks, 
which can ‘be traced continuously across intervening matrix, 


extend from one quartz grain on through an adjacent one. 


‘Some fragments of coarse-textured muscovite granite have 
been sheared completely across. Their component parts are 
not widely strewn about through the rock but generally sepa- 
rated only by narrow matrix-filled channels. The boundaries 


óf each part of a broken dni are sharp and di 
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pieces Kave epipesponding outlines, thus RUM that disloca-- 
tion was only nominal and, pertinently, that the smaller pieces ' 


 &re parts of one fragment which has been dismembered at or 
near its present position in the dike. In a few of these deformed 
granite fragments, the quartz grains have been granulated 


--along their contacts with development of typical mortar struc- - 


ture such as is associated with incipient mylonitization. These 


relations are believed to justify the conclusion that such frag- _ 
` ments, like much of the quartz, were deformed during or shortly . 


y 


after intrusion of the clastic material. 


CONCLUDING. REMARKS. . ^ 


"There has been considerable discussion regarding the mode 


of origin of the clastic dikes occurring at several localities in o 


the San Juan region. Ransome (1900, p. 283), in his descrip- 
tion of the Bachelor mine north of Ouray, was the first to 
make a genetic distinction between sandstone dikes and others, 
like those here described, which he aptly designated clastic 
dikes. He applied the term “clastic” because of the prevalence 
in such dikes of lithic fragments of diversified composition ‘and 
of the intrusive relations of the masses with respect to the 


' , enclosing rock, ` 


In comparison with the clastic dios near Ours the San 
Miguel valley intrusives occupy a similar, though not strictly 
identical, stratigraphic position, inasmuch as they are also 
developed i in Mesozoic and Paleozoic rocks. The Placerville 
dike transects the lower or middle part of the Cutler formation, 
which is stratigraphically several hundred feet lower than any 
heretofore reported for «such bodies in this general region. 
This fact strengthens belief in ‘the extension of such dikes to 
relatively great depths and their probable direct connection 
with pre-Cambrián source rocks. - 

Unlike the situation at' the Bachelor and Steele mines there 
is no visible dislocation of the strata-contiguous to the Placer- 
ville or Sawpit.dikes. "Their lithologic variability, therefore, 
cannot be generally ascribed, in whole or hardly even in part, 
to differential movement or kneading of fragments derived from 
adjacent beds: The range in composition. of the lithic frag- 
ments and the preponderance of rock types foreign to any 
. nearby source beds are believed to be adequate evidence oppos- 
ing any assumption of their local derivation. Thus the litho- 
logic diversity of the: fragmental material, the apparent lack 


t 
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of any adequate source rocks except at great depths, and the 
absence of eyen minor dislocation of the sedimentary rocks in 
contact with the dikes all converge to establish their intrusive 
origin. 

Burbank andad that the clastic dikes described: by him 
. from the Ouray district resulted from the violent intrusion of 
clastic material through forces engendered by gaseous igneous 
manifestations. He states (1930, >. 200) : “it seems very prob- 
able that the injection of the clestic dikes was the result of 
a violent escape of volcanic gases and vapors and accompany- 
ing solutions, which had become temporarily trapped beneath 
an impervious blanket of sedimentary rocks." The dikes in the 
Placerville area provide no direct evidence, such as any unusual 
or suggestive hydrothermal alteration, igneous matrix mate- 
rials, or mineralization, indicative of intimate connection with 
volcanic processes. "They do, however, exhibit many internal 
structural features suggestive of forcible intrusion or injection, 
such as would be corollary to the origin proposed by Burbank. 
These features are summarized as follows: (1) although there 


is no evidence of faulting, the elongate lithic fragments are 


oriented parallel to contacts; (2) a parallelism of mineral 
fragments, which are aligned between lithic grains, signifies 
relative movement of parts of the clastic mass; (8) strain 
extinction is common in the fractured but only slightly dis- 
placed quartz; (4) the presence oi contorted muscovite grains; 
(5) the fact that some granitic fragments have been fractured 
at or very near their present position, and (6) the presence of , 
mortar structures in the quartz within these fragments all indi- | 
cate considerable mechanical deformation, probably contem- 
poraneous with emplacement. In the writer’s opinion such 
evidence shows that formation of these dikes was accomplished 


2 by forcible intrusion into narrow available fissures. The micro- 


. scopic data thus certify to a mechanism wholly compatible 
with the volcanic gas-phase activity hypothesis advanced by 
Burbank. . | 


BIBLIOGRAPHY, 


Burbank, W. S.: 1980, Revision of geologic structure and stratigraphy in 

i the Ouray District of Colorado, and tts bearing on ore deposition. 
Proc. Colo. Sci. Soc, v. 12, no. 6, pp. 151-282. 

Cross, W. and Larsen, E. S.: 1985, A brief review of the’ — of the 
San Juan region of southwestern Colorado. United States Geological 
Survey Bulletin No. 848, pp. 188. s 


from the Pláceroille District, Colorado. 217 


Goldman, M. I. and Spencer, A. C.: 1941, Correlation of Cross La Plata 
sandstone, southwestern Colorado. . Bull. Ain. Assoc. Pet. Geol, vol. 
- 25, no. 9, pp. 1745-1767. MEE . 
Ransome, F. L.: 1900-1901, A peculiar clastic dike near Ouray, Colorado, 
and its assoclated deposits of silver ore. Trans. A.I.M.E., vol. 80, 
pp. 227-286. - l 
Spurr, J. E.: 1923, The ore magmas, vol. 2, pp. 848-349. 
Cotorapo SCHOOL or MINES, E 
GOLDEN, COLORADO. 


- ^ 


SOME THOUGHTS ON THE EVIDENCE 


7 s FOR CONTINENTAL DRIFT. 


. CHESTER R. LONGWELL. 


` 


RECENT article by A. L. du Toit, entitled “Tertiary 
Mammals and Continental Drift” (1944), was prepared . 
as a rejoinder to an earlier paper, “Mammals and the Nature of 
Continents," by George Gaylord Simpson (1948). I cannot 


. presume to continue the debate on behalf of Doctor Simpson, | 


since I have no qualifications in mammalian zoology and paleon- 
tology, and moreover I do not know ‘what his reactions may 
be to particular points in du Toit’s reply. However, Simpson 


. 18 now. serving in the armed forces of the United States, and 7 
probably he. will haye no opportunity to give further attention 


to this matter until the end of the war. In the meantime it 


' seems desirable, for the good of geological science, to comment 


on some parts of du Foit's discussion that concern the con- 
cept of continental drift in general, and to offer suggestions 


- for employing more comprehensively the type of critical study 


exemplified by Simpson’s paper. 

Simpson’s discussion has two clear ea (1) to correct | 
a number of gross errors that have appeared in published 
statements regarding mammalian distribution; (2) to use the 
established facts of mammalian distribution as a test in com- 


. paring the merits of three hypotheses concerning the geologic 
. history of continents, including the’concept of continental drift, 
. known also as Wegener's “displacement hypothesis.” ' At the ` 


outset Simpson clearly restricts his discussion to the evidence 


from mammals, with frank recognition that this evidence “is 
, limited both in time and in scope. . . It it not claimed that the 
. mammalian evidence alone 1s E for the Cénozoic or. 


that if it were, me same cónclusions would have to be extended 


to previous eras." This concentration on data in his special 


field, with exclusion of'other data—however important in them- 


f selves—attention to which would obscure rather than clarify 


the immediate issues, is a highly commendable feature of Simp-' . 
son's discussion. He is under no. illusion that reéxamination of 


. ‘evidence in his limited segment of the problem can “disprove” 
the hypothesis of continental drift or “prove” any rival hypoth- 
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; “It should be extremely: helpful, however, to have each 
edal aspect of this many-faceted subject examined critically 
by someone qualified to appraise that aspect. Unfortunately 

. du Toit, in his reply, does not strictly respect this logical limita- 
tion of scope. True, he excuses his digressions onthe ground that ` 

. Simpson hag failed to present some of his (du. o) views 
correctly, *or has omitted.their other vital aspects." "There 
seems to be no warrant, however, for du Toit's defensive plea, . 
recurrent in his discussion, that Simpson “throughout his paper 
has entirely ignored the vital stratigraphic and tectonic 
aspects." Under any parliamentary procedure such comments 
would be ruled out of, order, in view of Simpson’s self-imposed ` 
restrictions in subject matter. Readers wil be indulgent 
‘because of du Toit's open zeal for the concept of “drift,” which 
he hastens to defend against every appearance of.adverse criti- 
cism. Nevertheless his failure. to restrict debate to subjects 
blocked out in the original paper serves to befog issues that 
should be kept clear, and makes his reply difficult to follow as 
a scientific analysis. .  . 

My good friend du Toit shows commendable spirit in 
acknowledging certain of his own errors that were pointed out 
by Simpson, and I am prone to dismiss on the ground of uncon- 
sidered phraseology some statements to which, appraised at 


Pd 


- 
x= >» 


their face value, one might justifiably take exception. In his S 


introduction du, Toit says that Simpson “has set out to prove ` 
that the evidence of mammalian distribuzion. . . is adverse to 
hypotheses of trans-oceanic or drifting masses, but favorable 
_to current views of stable continents.” Surely we are not 
reduced to the level of a college debating society, or of a court 
in law, in which each participant is interested only in making l 
, the best case possible for the “side” with which he is aligned! 


‘Regrettably there are scientists who, whether-consciously or . B 


not, reveal a stronger interest in advocating chosen viewpoints 
than in objective appraisal of all pertinent evidence. Those 
who are familiar with Simpson's cool objectivity in scientific 
' > reasoning will only be amused at any suggestion that he is such 
an &dvocáte. Careful reading. of his paper in question brings 
conviction that he “has set out to" examine and evaluate data 
that have been cited regarding the distribution of mammals, 
, and to draw such conclusions as these data seem to warrant. 
Possibly ¿ome readers will have decided, on the basis of com- 
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ments up to this.point, that I belong to the camp unalterably 
opposed to *drift," and that I am singling out for criticism 
items of du Toit's paper.that are aside from ary main issue. 
I should like to clear myself of suspiciori on both thesé counts. 
The Wegener hypothesis has been so stimulating and has such 
fundamental implications in geology as to merit respectful and 
sympathetic interest from every geologist. Some striking 
arguments in his favor have been advanced, and it would be 
foolhardy indeed to reject any concept that offers a possible 
key to solution of profound problems in:the Earth's history. | 
On the other hand, critical examination and rigorous testing 
of the concept in all its aspects do not imply unfriendly opposi- 
tion toward an unwelcome intruder into the realm of “ortho- 
. doxy." Intemperate statements have been made on both sides of 
the question; but these merely reflect weaknesses of human 
- nature. Du Toit seems to sense a strongly intrenched opposition 
in what he calls “current geology, sublimely unconscious of its 
impotence.” What is this “current geology,” which apparently 
is synonymous with “orthodox geology"? I associate with 
numerous men in the science, and find them, on the whole, a 
rather open-minded group, not given to arrogant judgments 
on the many abstrase problems of the Earth, and emphatically 
not uniform in their thinking on these problems. They find 
much in their geologic work to occupy their attention aside 
from the conflicting hypotheses on the history of continents. 
However, thanks to recent published discussions most of them 
know the ideas on continental drift, and are willing to give these 
ideas a fair hearing. To be sure, most of them are not active 
protagonists of the hypothesis. 

What should be done to improve the situation in “current 
geology"—other than to cultivate the open-minded attitude 


"| toward hypothetical matters in general and continental drift 


in particular?’ Du Toit states that he regards the hypothesis 
of drift *as essentially established by the Paleozoic and Meso- 
zoic evidence." Does he mean established as fact, and would he 
have it taught among the established facts of geology? I fear 
that without more unequivocal evidence than we now càn muster 
there would be many skeptics among the students.. Perhaps he 
would be. satisfied if numerous geologists entered into active 
and sympathetic discussion of the problem, treating it as a 
live issue in the science. I agree-that this would be helpful, 
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add the discussion were governed by rigid ación stand- 
‘ards. The concept of drifting continents “will be strengthened 
only by establishing a. body of incontrovertible evidence in its ` 
favor; not by reiteration of diffuse and qualitative arguments, 
some of them based on data that are subject to question. The 
foregoing statement may be pronounced a truism, but it is 
worthy of emphasis nevertheless, as ene s analysis of mam- 
‘malian evidence makes amply clear. 

Let us hope, therefore, that specialists in some other fields 
will emulate the example set by Simpson, by publishing critiques 
of evidence that comes within the range of their own compe- 
` tence. The result should be elimination of errors: and other 
weaknesses from existing literature on the drift hypothesis, 
leaving a residue of data that can be accepted as dependable 
and significant. Simpson mentions certain erroneous state- 
ments and misinterpretations regarding reptilian distribution 
that appear in the literature on “drift.” This is a large field, 
more critical in its bearing on the Wegener hypothesis than 1s 
mammalian distribution. Both Wegener (1929) and du Toit 
(1987) make much of the close resemblance between Triassic 
reptilian faunas found in South Africa and in South America. 
' Simpson, reducing the available information to a quantitative 
basis, shows that 43 per cent of families and 8 per cent of 
genera are common to the two regions, with no identical species 
(1948). Du 'T'oit replies that *the apparent lack of identical 
species among the Triassic reptiles of Brazil and South ‘Africa 
: should not strictly be pressed in view of the limited amount of ` 
collecting [and] the high ratio of new genera and species so far 
found. ..." But Simpson is not pressing the lack of identical 
species—he is merely stating the facts now in hand. Signifi- 
cantly he, a close student of vertebrate faunas, finds im the 
evidence a resemblance between South America and Africa of 
such small degree thalt it “opposes a direct land connection, 
even a connection by a direct bridge." This verdict is indeed in 
sharp contrast with that of Wegener, who was neither biologist 
nor paleontologist, and with that.of du Toit who, after naming 
about a dozen reptilian groups common to certain lands in the ' 
southern hemisphere, states: “These lists could be considerably 
amplified, but should suffice when taken in conjunction with the 


associated floras and the fresh-water fishes and mollusca, to. . 


prove the continuity of the various parts of-Gondwana from the 
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Permian to the Rhaetic” (1937, p. 86). After studying Bn | 
: son's analysis of the reptilian evidence, the cautious reader will 
wish for equally expert advisers on the plants; the fishes, and 
the molluscs. When one is confronted ‘with sweeping conclu-- 
‘sions in these, matters, — a little learning is a d i 
thing. i 
Du Toit (1944) questione the validity. of the percentage 

. method for expressing fossil faunal resemblances, as it is used. 


J ‘by Simpson, on the ground that “the recorded proportions of 


.' determinable genera: and -species could be very different from 


their actual frequency in nature. . . . The scantiness of such - 
material cannot be overlooked nor the likelihood of unexpected : 
` discoveries that would appreciably modify current ideas.” True . 
' enough; but is there any ground for supposing that a’percen- 
' tage of total forms common to two regions will be increased 
rather than decreased by future discoveries? ‘The best we can 
do is to assume that known forms constitute a fair sample, and 
| that proportions will not be radically altered even though the 
/ total may be greatly increased. Judgments, however tentative, 
- must be based on evidence actually in hand. Surely expression 
of resemblances in the form of percentages gives a fairer over- 
all picture of fossil faunas, and & more adequate basis for com- 
parison with present conditions, than does. a mere enumeration ` 
of genera or families whose distribution seems to harmonize | 
= with a given hypothesis of former land connections, to the 
exclusion of all other forms whose testimony is less favorable. 
Du 'Toit emphasizes that mammals “have been robbed of 
much of their value through their late appearance on the scene, 
well after continental rupturing is deduced to have occurred 
| >”; and goes on to reiterate his opinion of several years 
- «earlier, that “geological evidence almost entirely must decide 
` „the probability of this hypothesis, for those — based 
upon zoo-distribution are incompetent to do so." After an 
analysis of several inherent weaknesses in the THERE 
data he concludes that *the existing paleontologic evidence can 
be accepted only with reserve by those favoring drift.” Each 
“of these quoted conclusions seems reasonable, and all of them - 
‘seem consistent àmong' themselves." However, they appear 
somewhat strange against the background of arguments that 
- are urged without any detectable reserve by all protagonists of 
_ “drift,” for whom paleontologic and biologic’ evidence seems to. 


1 
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have a peculiar fascination. The high value olaced by du Toit 


on the evidence from animals and plants bearing on the former 
“continuity of the various parts of Gondewana” has been cited 
on an earlier page. In like manner Wegener (1929, p. 101), 
agreeing with Stromer and others, tells us *. . . the distribu- 
tion of the Glossopteris flora, the reptilian family of the Meso- 
sauridae, and many other elements, makes necessary the assump- 
tion of a former great land mass uniting the southern con- 
tinents.” Authors of these positive statements do not warn 
readers that the biologic evidence is in any way equivocal. I 
find that college students who read the statements ordinarily 
accept them at face value and become convinced that a former 
close union of southern continents is demonstrated by the bio- 
logic evidence. Simpson has exposed the weakness of argu- 
ments based on the reptiles. Consideration of some problems 
presented by distribution of modern plants should give us pause 
also in accepting the strong claims based on ancient floras, 
including the famous Glossopteris flora. One example will serve 
as a cogent illustration. 

Primitive dogwoods of the genus Cornus, containing about 
40 species, and its near allies, are widely distributed in eastern 
North America, in southeastern Asia, and in groups of islands 
in the south Pacific (Fig. 1). “Cornus is conspicuously absent 
from both South America and the region of Australia—a fact 
which has a bearing in tracing the early migration of the family 
into the Pacific” (Brown, 1928, p. 3). Cretaceous representa- 
tives ranged continuously northward from central North 
America into the Arctic region (Fig. 1). Aside from the prob- 
Jem presented by the distribution in Asia, the occurrences in 
oceanic Polynesia are of unusual interest. How were the plants 
introduced from the probable center of origin in North America 
across thousands of miles of ocean, not to mention the addi- 
tional barrier of intervening climatic zones? Brown suggests 
that during the early history of the dogwoods, when there was 
no land connection between North and South America, seeds 
were transported “in masses of buoyant drift such as separate 
from the delta region of the Mississippi. . . , and float for 
thousands of miles under the influence of the ocean currents and 
wind.” In this way, aided by the equatorial drift, the dog- 
woods may have gained a foothold on one or more of the Pacific 
isles, whence they were further dispersed southward, step by 
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step, EE in part through the agency of birds.' Distances 
between some of the existing islands axe great, but sóme islands 
that.were important in the dispersal may have- disappeared 
during Cenozoic time. Further discussion of Brown’s suggested 
solution has no place here; but it is worth noting that the dis- 
tribution of the dogwoods poses greater problems than that ` 
of the Glossopteris flora, since it involves greater oceamic dis- 
tances and more formidable climatic barriers. Moreover, the 
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` Fig. 1. Distribution of primitive dogwoods. Modern forms are found 
in the black areas (4, B, O, D). Known Cretaceous distribution shown by 
vertieal lining. (Forest B. H. Brown). 


hypothesis of continental drift does not help explain the dis- 
persal of dogwoods—rather it increases the difficulties. 
Obscure ways in which plants and also some animals must.have 
been distributed during long geologic time intervals are sug- 
gested by other examples from the vast Pacific region. When 
these numerous problems are viewed together, emphasis that has 
been placed on the Glossopteris flora as “compelling evidence" 
of once-continuous lands seems dangerously near the unscientific 
| procedure of selecting evidence to support a favored theory. 
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` There is no space here to discuss in detail the data from 
stratigraphy and ‘invertebrate paleontology, although they 
deserve analysis by expert students. The stratigraphic data 
are, perhaps inevitably, diifuse and difficult to evaluate. 
Du Toit’s arguments for the “Samfrau” geosyncline, extending 
from Argentina through South Africa to eastern Australia, are 
not easy to follow, although ke tabulates much.of the informa- 
tion in a stratigraphic chart which in his judgment shows an 

“extraordinarily similar sequence of events” in the regions con- . 
cerned (1987, p. 62). Stratigraphers will ask what degree of 
uniformity is to be expected throughout a geosyncline extend- 
ing at least 110 degrees in length—a question that is pointed 
by diverse formations of equivalent age in the shorter Appala- 
chian geosyncline. In considering the “striking similarities” 
between stratigraphic units on opposite sides of the Atlantic, 
' we should keep in mind that Nature has a strange way of pro- 
ducing near-duplicates, either in widely separated regions or in 
the same region at different times. Parts of the Torridonian — 
sandstone of Scotland might well be mistaken for Old Red 
sandstone in the same small country if evidence of the strati- 
graphic sequence were lacking. Du Toit meets the argument 
that “drift” would require near-identity of facies and faunas 
on opposed coasts by assuming an original distance of several 
hundred kilometers between present shorelines of South America 
and Africa. This device has the twofold effect of avoiding cer- 
tain difficulties and of admitting that the case for “drift” based 
on stratigraphic similarities is less convincing than a protag- ' 
omst might wish: 

The most striking unit in du Toit’s “Samfrau” belt consists 
of late Paleozoic glacial deposits; and without question the 
eloquent testimony that widespread ice caps reached to low 
latitudes in the southern continents furnishes the most cogent 
argument that has been offered in favor of continental drift. 
The marvelous displays of this evidence, particularly in South 
Africa, serve to create in the geologist a humble attitude and 
a feeling of tolerance toward all attempts to explain this great 
enigma. Students of clinistology do not agree on the signif- 
icance of the evidence, however; G. C. Simpson interprets it in 
favor of continental drift, but Brooks pcints out other possi- . 
bilities (G. C. Simpson, 1930). 
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With regard to tectonic evidence, on which du. Toit days 
special emphasis, students of structure are not prepared to 
agree on any sweeping conclusions. Many of the structural 
., features cited in favor of “drift” are in regions of complicated 
geology that are known from reconnaissance studies only. 
¿Du Toit (1937, Fig. 13) shows structure-lines on opposite 
sides of the Atlantic that seem’ to match in most convincing 
‚style, until the reader learns that the lines represent approxi- 
mate axes of broad regional uplifts dated as '*post-Triassic"— . 
surely not features that can be correlated with exactness in 
either space.or time. Some of the structural data on which 
Wegener based plausible arguments were shown to be erroneous 
(Lake, 1922), but were cited again several years later as if 
they constituted valid evidence (Wegener, 1929, p. 77). 
Remarkable similarities are reported between the Cape Ranges 
of Africa and the Sierras of Buenos Aires in Árgentina, and 
the northern end of the Appalachian belt of folding can be 
made to fit in striking fashion against the western termination 
- of “Armorican” folds in the British Isles. Definite data of this 
kind of course arrest the attention of all serious students of tec-. 
tonics, and establish the “drift” concept among the hypotheses : 
that must serve as equipment in the present nebulous stage of 
megatectonics. Many of us, however, are not yet prepared to 
accept literally Wegener’s interesting analogy of the torn news- 
paper as applied to Atlantic coasts, nor to entertain his extrav- . 
agant suggestion—offered, it is true, with some reservation— 
that the geologic “controls” make his assumption of continental 
drift probable by odds of the order of a million to one (1929, 
p. 79). Structural data must be vastly amplified and much 
refined before they can provide the basis of any satisfactory 
comparison between opposed coasts of the Atlantic. 

If I were free to ‘select the next block of subject matter . 
related to continental drift for an expert audit, my choice 
would be the several redeterminations of geographic coórdinates 
carried out in the effort to detect relative shifts of continental ' 
masses that may be now in progress. These projécts have 
special appeal and importance, since they offer the possibility 
of demonstrating, within the present generation, actual hori- 
zontal movements of the kind envisaged in the drift hypothesis, 
Results of the several projects were reviewed by both Wegener 
(1929) and du Toit Hen. Data from CREADO and vicin- y 
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ity have come from comparison of longitude determinations 
at several dates in the nineteenth century with more recent 
determinations at the same stations. The older work used 


- observations of the Moon, whereas. some of the later values rep- 


resent modern methods, using stars in combination with radio 
time-signals. All of the results cited indicate westward move- 
ment of Greenland (and of Jin Mayen), ai average rates that 
range from 4 to 25 meters per year. Wegener admits—more 
freely in the fourth.than 1 in the third edition of his book—the' 
possibility of rather large systematic errors in the determina- 
tions based on observations of the Moon. How seriously does 
this factor impair the values on which the apparent move- 
ment rests? Du Toit, (1987, p. 300) remarks that even if 
all the measurements referred to above be rejected, we still 
have two modern determinations at: one Greenland station, 
with an interval of'five years, which indicate westward move- 
ment at the rate of 86 meters per year, a figure “far in excess 
of the probable errors."' The skeptic with only moderate 
qualifications in mathematics will answer promptly that a single 


, example cannot be accepted as the basis of a confident con- 


clusion, since conceivably it may involve errors several times 
the theoretical probable error. 

‘Wegener emphasized that all of the results indicate west- 
ward movement, and that this would imply an extraordinary 
coincidence of systematic errors in several independent deter-' 
minations. This argument is weakened by consideration of 
additional data. . Littell and Hammond (1928) published a 
determination in 1927 of difference in longitude between Paris 
and Washington, and compared the value with that obtained in 
1918-14. According to the figures, the distance between the. 
two. stations increased in the. 18-year interval by 4.35 m.-- 
1:0 m., or about 0.32 m. yearly. This result came to Wegener's 
attention while the last edition of his book was in press, and 
was included in a special appendix (1929, p. 220). Du Toit 


quotes the figures (1987, p. 300), but does not report a dam- 


aging refutation from Sir Frank Dyson, Astronomer Royal 
at the Greenwich Observatory, who stated that comparison 
of longitude values at Greenwich and Washington between 
1913 and 1926 indicate a decrease of distance by more than 
9 m., an average of about 0.7 m. per year (Nature, v. 124, 
1929, p. 649). These contradictory results make it appear 
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| that the possible error of such determinations is at least several 


meters, at old established stations using the most refined mod- 
ern methods. Since conditions for observations in Greenland 
are far less satisfactory at best, and since all but one set 
of available data involve to some extent the inaccurate lunar 


“method, objective judgment can hardly indorse du Toit’s 


statement, “it must therefore be concluded that a positive 


. Shift of crustal matter has been instrumentally observed.” 


Why should we be hasty in reaching conviction in this matter? 
Modern methods of determining coórdinates are closely accu- 
rate and will eventually reveal the truth. Jensen’s Greenland 
station of 1922 can be reoccupied after the war, and the inter- 
‘val of more than 20 years should give a far better basis for 
judgment than any Arctic data now available. Even if future 
observations in this century should fail to indicate appreciable 
movement of any land masses, the hypothesis of continental 


. drift would still be tenable, since movements ‘may have been 


episodic, -or at rates too slow to be detected within a human 
generation. To du Toit, after a review of the instrumental 
work: in- Greenland, “The reluctance of so many pergons to 
concede the probability of such movements is hard to under- 
stand... .” (1937, p. 300). I have no personal aversion to 
westward movement of Greenland—in fact I should be pleas- 
antly excited by the vista of tremendous implications attendant 
on &uthentic confirmation of such movement. However, in this 
matter we are not dealing with probabilities. Astronomers and 
geodesists will eventually tell us that observations either have or 
have not demonstrated a shift of Greenland with relation to — 
Europe. Until that time the only objective attitude is one of 
“wait and see.” 

Perhaps it is inevitable that the early stage of testing a 
revolutionary concept, such as continental drift, begets some 
harsh critics and also some advocates with partisan zeal. 
Surely the time has come to treat this subject objectively, 
and to separate wheat from chaff in the voluminous argu- 


 mentative literature devoted to it. Du Toit says, reasonably 


enough, “Critics of Continental Drift are apt to forget that 
this conception. . . is still being shaped and must experience 
revisions and modifications during its evolution." On the other 
hand, friends of the concept must expect that scientists gen-. 
erally will submit all aspects of it to close scientific scrutiny. 
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If the concept is fundamentally sound it will survive all such - 
tests; any parts of it that fail under scientific testing are not 
worthy of survival. It does not help the cause to accuse all 
its critics of “orthodoxy,” with the implication that this state 
of mind is as unworthy as fascism. Protagonists of “drift” 
should welcome all searching study of the evidence by compet” 
tent experts. Moreover, these protagonists would serve their 
cause by attempting to purge their own contributions of 
obvious weaknesses, since they have & human audience, endowed 
with limited time, patience, and objectivity. Soon after the 
appearance of Wegener's well-known book in the 8rd edition, 
I heard a prominent geologist who was sympathetic toward the 
drift hypothesis remark, “Wegener’s book is at least 50 per 
cent dross, but it contains also some pure gold for anyone who 
looks for it honestly.” Other readers, less objective, were 
repelled by the numerous obvious flaws in Wegener’s presenta- 
tion, and condemned the entire concept out of hand. Particu- 
lar exception has been taken to one of Wegener’s “geologic 
controls,” which to the last he rated equal in value with moun- 
tain axes and other major features of the bedrock; namely, 
the late Pleistocene terminal moraine:in Europe and North 
America, supposedly broken and the parts separated by west- 
ward drift of the latter continent. Du Toit rejects this part 
of Wegener’s scheme, on the ground that it involves “an 
absurdly late date for the main movement under which those 
continents became separated.” Indeed, Wegener appears to 
have forgotten entirely the Rocky Mountain deformation and 
other pre-Wisconsin téctonic episodes of the North American 
Cordillera, which he himself related to westward movement of 
the continent. Charitable commentators suggest that such 
inconsistencies may be overlooked on the ground that Wegener 
was not a geologist. However, his view regarding the terminal 
moraine is curiously vulnerable from the viewpoint of clima- 
tology, which is related to his own subject. He notes that the 
American moraine now enters the Atlantic fully four and a 
half degrees south of the moraine in western Europe, and 
thinks it more logical to have the moraines brought to the same 
latitude by his reconstruction which moves America northward. 
However, since at the present time annual isotherms are 10 
or 12 degrees farther south in eastern North America than in 
western Europe, why is it difficult to believe that the ice cap 
reached farther south on the west side of the Atlantic? 
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"Du Toit has a revised version of the Wegener hypothesis | 
which omits some glaring, defects in the original. However, 


du Toit also is guilty of curious weaknesses which bring his 
effort into disrepute with some readers. As an example I quote 
the following passage, which is an attempt to explain certain 
* tectonic features as the consequence of northward migration of 
` the two postulated parental land masses: “Laurasia in moving 
from its more or less equatorial position towards the North 
Pole— where the meridians were convergent—became subjected 
to an E.-W. compression, revealed in its orogenies from the 
Carboniferous onwards and, especially in that of the Urals, 


whereas Gondwana moving towards the equator——where the- 


meridians were divergent—became put under tension in an east- 
wést direction, which ultimately led to its fracturing and wide 
dispersal. Such would explain the vital difference, why, in 
contrast to their similar “equatorial” and peripheral crum- 
plings, Laurasia should display dominantlg meridional folding 
. but Gondwana meridional rifiing.” (1987, p. 305). The 
reader may well rub his eyes and ask whether the author offered 
these suggestions seriously. The suggested mechanism could 


be made crédible only by proposing a plausible force, powerful - 


in its operation, which urged every molecule of all land masses, 
on both sides of the equator, inexorably toward one point near 


the north geographic pole. Shall we invoke terrestmal mag- - 


netism as a possible cause of orcgeny? It is true that such 
lapses from the plane of objective analysis do not affect the 
. merits of the basic concept of “drift.” However, an avowed 
protagonist presumably sets out to win his readers to his own 


` views, and should try to avoid destroying their confidence 


instead. The case for continental drift deserves more discrimi- 
nating presentation. 


The frankly critical tone of this brief discussion may brand | 


it as an unfriendly attack im the eyes of proponents of the 


“drift” concept. Zealous believers commonly follow the motto, . 


*He that is not for us is against us.” However, I have devoted 
time to the discussion only because of a genuine interest in the 


hypothesis of continental drift. I have an interest also in. 


-— 


some other hypotheses designed to explain major features of ' 


the earth in terms of its history. No one of these hypotheses . 


has yet won me as a protagonist, and at present it is incon- 


ceivable to me that any scientist could adopt one such hypothe- - 


i 
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- sis to E exclusion of all — Perhaps a definite choice of 
creed brings some peace of, soul’ that is. denied to the scientific 
E skeptic.. However, those ‘who. declare unswerving loyalty to 
any hypothetical concept appear to settle into an “orthodoxy” 
of ‘their own, which interferes with breadth of scientific vision. 
In the genetic study of major earth-features I éan not believe. , 
we have arrived at a stage’ thát permits discarding the method 
of multiple hypotheses. In this study the, several ‘concepts ‘at 
our disposal are essential tools, which should be sharpened con- 
tinuously with the abrasive of objective criticism. 
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CYMBIOCRINUS, A NEW INADUNATE 
CRINOID GENUS FROM THE UPPER 
MISSISSIPPIAN. 


EDWIN KIRK. : 


ABSTRACT. A new cimol genus, ia is described. The genus 
ranges from the St. Louis to the high Chester and has a wide geographic 
range throughout the areas where sediments of this age are found. 


CYMBIOCRINUS, new. genus. 
Genotype.—Cymbitocrinus romingeri, new species. 

Crown. Compact and subcylindrical in habit. 

Dorsal cup. Shallow, patelliform or basin-shaped, with flat- . 
tened and invaginated base. Plates typically thick and convex. 

IBB. Small, lying within the basal pit but usually extend- 
ing well beyond the column. 

BB. Relatively small, mostly lying within the ia — 
but the distal portions curving upward and clearly visible in 
lateral view in most species. The BB are commonly tumid. 
Post B is truncate, usually supporting a single anal on its 

distal face. In some specimens post B'is very large and sup- 

ports two plates,'as will be noted later. 
- RR. The radials are very large, forming the greater por- 
tion of the dorsal cup. The facet extends the full width of the 
radial. A description of the facet will be found under C. 
romingers. 

IBr. Two in number, short, stout, constricted medially. 
The union between the brachials is very strong, approaching 
anchylosis. The earlier species from the St. Louis and “Ste. 
Genevieve” have a much looser union between the brachials than 
the later forms. In these earlier species the primibrachs are at 
" times disunited and show offsets either horizontally or ver- 

1 Published with the permission of the Director, Geological Survey, 
United States Department of the Interior. 
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| tically.. Tie suture between the brachials i 18 “clearly shown at 
all times, however. The suture between the RR and IBr is 
,linear and gaping. ' | 

Arms. The arms are relatively short and stout. The first ` 
two 1IBr are closely united, sometimes showing as à high, com- 
.pletely fused unit. In young specimens and in some rays of : 
many of the adults, especially «where weathered, the suture 
between the brachials is clearly visible. Distad the Brr have 
sloping facés, and for the most part pinnules are borne by suc-. 
ceeding Brr alternately to either side. In some species cer- 
tainly, and probably in all, there is an occasional syzygial pair - 
of brachials taking the place of a single brachial. Syzygial © 
pairs are abundant in the specimens of C. dactylus Y have 
. examined. They are fairly common in C. romingeri. ‘In the 
later species they seem to be present sparingly, but the pres- 
ervation of the arms is.such as to make observation unsure. 
The pinnules are long and relatively stout. 

Post IR. Typically there is a single plate in the post IR. 
It is doubtful if this is homologous to anal X, but we may. 
so denominate it for convenience. In C. anomalos and in an 
undescribed species from Grayson Springs, Ky.; the post B 
supports two plates in all specimens seen. In one specimen of ' 
C: romingeri out of 10 in which the post IR is shown, a simi- 
lar structure obtains. In such cases post B is relatively 
large. It should be noted that all known specimens of C. ano- ` 
, malos and the two specimens cited as a new species from Gray- 
son Springs show juvenile characters. It is possible that the 
structure shown by these specimens in the post IR represents an 
early stage in ontogeny. This possibility is made stronger by | 
one of the specimens from Grayson Springs. In this, one of 
the tube plates resting on post B takes up fully three-fourths 
the width of post B., When there is but a single anal in the 
post IR, the distal surface of X at times supports two tube . 
plates and at other times three tube plates. In the latter 
case the median tube plate is large; flanked on either side by 


F much smaller plates. ' 


Ventralsac. "The sac is poorly known. A description of it 
will be found under C. rominger:. ' 

Column. Circular in section, with a pentagonal lumen. The. 
column is unusually slender and incompetent. In only three : 
specimens are fragments of the proximal portions of the column - 
preserved. Whorls a short, slender cirri are borne by the 
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column. ‘In some species, at least, the. cirri. appear on. — 
within a few millimeters.of the cup.. 
Geologic and geographic distribution. er ranges 


from the St. Louis upward high into the Chester. One species, 


x C. dactylus (Hall), is found in the St. Louis of St. Louis, Mis- 


souri, and Alton, Illinois. The genus occurs in the “Ste. Gene- 
vieve” and Gasper of northern Alabama and the Chester of 


‘Kentucky. Poorly preserved.specimens of an undescribed spe- 


cies from the O’Hara. of Illinois are in the Springer collection. 


. Relationships—Cymbiocrinus strongly: resembles Graphio- 


crinus. Unfortunately we do not know a- great deal about 
Graphtocrinus, and we must rely largely on studies of similar, 
though possibly not congeneric, crinoids from the Mississippian 
of the United States. These. are the types that if not con- 
generic with Graphiocrinus would be assigned to Scaphiocrinus | 
of Hall. s 

There are large numbers of — ranging from.the Devo- 
nian to the Pennsylvanian that have essentially the same simple - 
structure of the dorsal cup, that is, a dicyclic crinoid with a 


single anal plate. There is considerable variation in the shape . a 


of the cup, but many have a flattened, basin-shaped form with 
an.invaginate base. I do not think it feasible nor desirable 
to ‘separate these forms generically on the basis of the cups 
alone. Stratigraphic genera can ‘be made on these cups, but 
they are of no value biologically, and they will forever be a 
stumbling block in the path of ‘serious workers of the future. p 
The family Graphiocrinidae, as of authors, has been used 
as a catch-all for most of the crinoids with this simple cup 
structure and with pinnulate arms. ' The family should be 


restricted to a compact group of genera, among. which there 


i8 strong presumptive evidence of phyletic affinities. 
Cymbiocrinus differs from Graphiocrinus, and indeed from 


" all the described and undescribed genera referable to the 


Graphiocrinidae, in important details of arm structure. There 
are two primibrachs a8 against the single primibrach of Graph- 
socrinus. The arms are relatively more slender in Cymbtocrinus, 


and there is the notable presence of syzygial pairs of brachials 


a character never seen in Graphiocrinus, 
"The structures shown by Cymbiocrinus refer it to my family 
Ampelocrinidae/ When this family waa made I noted (1942, 
p. 22) an undescribed genus to be referred to it. Cymbiocrinus 
is that genus.- The stratigraphic range of Cymbiocrmus is also 
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strong confirmatory evidence in favor of this assignment. Cym- 
biocrinus may readily be distinguished. from Ampelocrinus.. 
The turbinate cup of Ampelocrinus, with the IBB showing 
clearly in side view, is in marked contrast to the basin-shaped 
cup of .Cymbiocrinus, with its invaginate base and its IBB 
concealed within the basal pit. The arms in Cymbtocrinus 
are relatively much shorter and stouter than in Ampelocrinus: 

Species referred to the genus: — 
|. Cymbiocrinus anoinalos (Wetherby), new combination. 

Poteriocrinus anomalos Wetherby 1880, p. 158 (15), Pl. 5, 


. Figs. 6, 6a, b. 


*Kaskaskia (Chester) Group, Pulaski County, Kentucky.” - 
(Now correlated with the Glen Dean.) 
Poteriocrinus anomalos Wetherby. Wachsmuth and’ Springer 
1886, p. 284 (158).. 

(Note comment as to uncertainty of generic assignment. ) 

Cymbiocrimus anomalos'has structural features considerably 
ät variance with the other known species of the genus. It seems 
— to be rare. Wetherby stated that he had three specimens. 

Therẽé are two specimens in the Springer collectiot. The label 
is in Wachsmuth's writing. It is possible that one of the speci- 
inens came from Wetherby. It is unlikely that the : specimen heré 
figured came from him, ás it shows ‘a division of the anterior 

ray that was not known to Wetherby. 

|. The species is a small one. Wetherby’s figures are supposed 
to be of actual size but may not be. The specimen I figure is 
almost exactly one-half the size of Wetherby’s. The other 
specimen in the Springer collection is smaller than the one 
figured. There is à fair possibility that we are dealing with 
young individuals. There are characters, such ás the réla- 
tively stout pinnules and the general habit of the arms them- 
selves, that suggest juvenile forms. There is, however, no 
known larger specimen from this Egon that can be assigned 
to the species. 

It is in the arm-structure that tlie species diverges most 
widely from thé other krown forms. "Wetherby assumed that 
‘there was no division of the arm in the anterior ray. As a 
matter of fact, the seventh primibrach is axillary. In the 
specimen showing the anterior arm-structure the second primi- 
brach gives a deceptive appearance of being an axillary. 
Wetherby’s figure shows the stricture more clearly, however. 
The distal. face of the second primibrach is sharply oblique, 


Crinoid Genus from the Upper Mississippian. — 29 
corresponding with other known forms in other genera in 
which there is a suppressed division. This type of structure 
has not been described. The primibrachs of the other rays 
are relatively high and narrow. ` Each is hourglass-shaped, and 
there 1s a widening of the plates at the line of union instead of 
the customary constriction. The first two IIBrr are loosely 
united, and here again we see a widening at the line of common 
. juncture. The higher Brr are slightly constricted medially, 
and each seems to bear a pinnule. There seem to be no syzy- ' 
gial pairs. 

The cup is somewhat flatter than in most species. The most 
notable character is the great size of post B. This is very wide, 
and its distal point reaches practically to the level of the radial 
facets. 

The post B —' two subequal plates that, under the cir- 
cumstances, can be styled only proximal tube plates. In the 
specimen figured there are two pairs of tube plates following 
the first pair in linear series and decreasing in size distad. It 
is probably this series of plates that Wetherby described as 
“heavy.” The slight evidence I have of the structure of the 
distal portions of the sac indicates that it is made NI in the 
main of relatively small, thin plates. 

Wetherby describes the column as pentagonal in section. 
Such evidence as I have is inconclusive. In one specimen a 
badly damaged columnal lies within the basal pit. It does 
appear to be pentagonal. 

Horizon and: locality.—Both specimens examined are 
weathered and could not have come from the freshly excavated 
material at the railroad tunnel at Sloans Valley. It seems 
- probable that all the specimens were collected elsewhere in the 
general vicinity and perhaps from a different stratigraphic 
. horizon than the well-known tunnel material. 

Cymbiocrinus dactylus (Hall), new combination. 
Graphiocrinus dactylus Hall 1860, p. 80. 

“St, Louis limestone near St. Louis, Missouri.” 
Graphiocrinus dactylus Hall. Meek and Worthen 1878, p. 

559, Pl. 20, Fig. 9. | 
Poteriocrinus (Scytalocrinus) dactylus (Hall). Wachsmuth- 

and Springer 1880, p. 117 on) 

Synonymy. 

Cyathocrinus macadamsi Miller — Gurley 1895, p. 69, Pl. 

4, Figs. 81, 32. 
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There is little doubt that Hall’s Graphiocrinus A E 18 
the form subsequently described by Miller and Gurley’ as 
Cyathocrinus macadamst. The specimen figured by Meek and 
Worthen as Graphiocrinus dactylus Hall as from the “St. 
Louis” of Monroe County, Illinois, may be a distinct species 
and may not be of St. Louis age. Present opinion is that this 
, horizon may be Ste. Genevieve. Certainly the crinoids I have 
seen from this horizon and locality do not agree with St. Louis 
forms. i 

According to the record, this is a rare form. There is the 
original specimen described by Hall. Miller and Gurley state 
“that they had three specimens of their macadamsi from the St. 
Louis of Alton, Illinois. As a matter of fact, a search through 
- “the collections wil probably yield many specimens. There is . 
& crown from St. Louis in the Springer collection in the United 
States National Museum. Inthe.collections of the United States | 
National Museum there are no less than four dorsal cups and 
three crowns of the species from the St. Louis of Alton, Illinois. 
These had been identified as Decadocrinus? internodtus (Hall). 
. A few details may be added to the descriptions of Hall and . 
Miller and of Gurley. There are two JBrr instead of one as 
described by Hall. This feature was correctly shown by Miller 
and Gurley. The first primibach is considerably larger than 
the second. The first two IIBrr are closely united and are 
proportionally large. Syzygial pairs preponderate in number 
in the proximal two-thirds of the arms. Commonly, two syzy- 
gial pairs immediately succeed the first closely united pair of 
IIBrr. This pair itself appears to be a syzygial pair, though 
it is not possible definitely to prove that they bear a pinnule. 
In several specimens the proximal portion of the column is 
found. The column is slender and made up of clearly defined 
.modals and internodals.  Relatively long cirri are borne in 
whorls to within a few millimeters of the cup. — 


CYMBIOCRINUS GRANDIS Kx, new species 
Plate 1, Figs. 6, 7, 10. 


'This, the largest known species of Conbiodindd is repre- 
sented in the collections by some nine crowns and five dorsal 
cups, some of which have portions of the arms attached. The 
series contains specimens ranging from very young to adult. 
Unfortunately, especially as regards the crowns, the preserva- 
tion leaves much to be desired. The specimens as a rule.are 
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crushed, ande better crowns are ei in a dense, tena-. 
cious matrix that cannot be cleared away ‘satisfactorily. 

` The crown is high and compact, ‘The largest complete crown 
has a height of 60 millimeters, with a dorsal cup having a-height 
of 5 millimeters and an average diameter of 13 millimeters. 
‘Incomplete individuals indicate a possible height of crown of 
75 millimeters. 

The dorsal cup is depressed bowl- shaped, with flattened base 
and rounding sides. ‘The basal pit is sharply defined and deep. 
The largest dorsal cup has a height of 5 millimeters and an 
average diameter of 15 millimeters. The IBB are small and 
completely hidden within the basal pit. The BB are of medium 
size, the post B being the largest and supporting the anal plate 
on its distal face. The RER are large, making up the greater 
part of the dorsal cup. The anal plate is relatively small and 
extends but slightly above the level of the RE. Where the 
distal face is well shown, it seems to support but two tube 
plates. 

The IBrr are dor and heavy. The arms are long and stout. 
The brachials are lower and more cuneate than in the other 
known species. Occasional syzygial pairs are found, but they 
are uncommon. The pinnules are moderately long and slender. 

Nothing is known of the ventral sac. As noted above, there 
seem to be but two tube plates resting on she anal. The median 
plate is the larger, and in one case the lateral plate is on the 
left shoulder and in the other on the right shoulder. 

The column is circular in section and composed in the prox- 
imal portion of alternating nodals and internodals. The nodals 
bear cirii to within a few millimeters of the cup. The lumen is: 
small and sharply pentagonal. 

Horizon and locality:—All the specimens definitely assigned 
to the species were collected by Charles and Bernhardina 
Wachsmuth at the railroad tunnel at: Sloans Valley, Pulaski 
County, Kentucky. The horizon is currently identified as the 
Glen Dean formation of the Chester. There are two specimens 
 doubtfully identified as of this species collected by Lyon in 
“Grayson County, Kentucky.” As Lyon had many — 
labeled “Grayson Springs" and others “Grayson County," 
would appear that these specimens did not come from the Gray- 
son Springs locality. | 

Types .— The holotype, S 4483, and paratypes, S 4488a, b, 
are in the Springer collection in the United States National - 
Museum. 
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.` - Relationships.—C. grandis may not readily be confused with ' 


- any described species. The species is the largest known. The 
dorsal cup 1s exceptional in that although the plates are convex 
they are not notably so. The arms are relatively stout, and 
the brachials are lower and more cuneate than in any described 
species. : 


CYMBIOCEINUS LYONI Kex, new species. 
` «Plate 1, Figs. 11, 12. 


Of this species, three specimens are known. One may he 
assumed to be.a mature individual, another 1s somewhat smaller, 
and the third is a fairly, young specimen. 

The crown is high and compact. The crown of the holotype, 
the largest specimen, has a height of 43 millimeters. The dor- 
sal cup has a height of only 8 millimeters. The dorsal cup is 
basin-shaped, with flattened and invaginated base. 

The dorsal cup has a height of 3 millimeters and an average 
diameter of 10 millimeters. The IBB are small and entirely 
contained within the basal pit. ‘The basals are of medium size 
as compared with other species of the genus. They are highly 
, tumid. The distal face of post B is truncate and supports a 

single anal plate. The RR are relatively very large, making up ` 
ihe greater part of the cup. The facet is linear and extends 
the full width of the radial. The anal plate is large, extending 


- ‘slightly above the level of the radials. It supports three tube 


plates, the central plate RENS and the lateral plates much 
smaller. 

IBrr, two in number, — and slightly constricted at the 
suture. The suture between the two is clearly shown in all 
cases, and in one ray there is a lateral offset between the two. 
The arms are long and slender. The first two secundibrachs 
are closely united, but the sutures show clearly. The higher 
brachials have slightly sloping faces, and in most cases, at 
least, a pinnule is borne by each brachial. Syzygial pairs may 
be present, but this is not certam. 

Nothing is known of the ventral sac other than the proximal 
row of tube plates. As noted above, three of these rest on the 
anal. The central; tube plate is relatively large, flanked on 
either side by muck smaller plates. The sac apparently was 
small, incompetent, (and made up of a few linear series of small, 
thin plates. 

“A few millimeters of the reside pertion of the column i 18 
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11 13 14 
Pate 1, CYMBIOCRINUS 
Figs. 1-4, 8, 9. biocrinus romingeri Kirk, new species: 1, 2, paratype, 
posterior A sal views of dorsal cup; 3, paratype, young individual ; 
4, holotype; 8, 9, paratype, basal and posterior views of dorsal cup. 
All figures x Te 
Fig. 5. Cymbiocrinus anomalos Wetherby, posterior view, x 2. 
Figs. 6, 7, 10. Cymbiocrinus grandis Kirk, new species: 6, holotype, 
anterior view; 7, paratype r posterior view; 10, paratype, basal view of 
orsal cup. 
pend M, 12, Cymbiocrinus lyoni Kirk, new ies; 11, holotype, anterior 
2, paratype, young individual, x 1 a 
Figs. 13, 33; M. Cymbiocrinus tumidus Kirk, new species: 13, paratype, 
anterior view; 13, holotype, r r posterior view. - 
— M All figures x 1 unless otherwise indicated. ° — d 
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preserved in the smallest specimen. The column | 18 circular i In 

section and unusually slender. vr M 
Horizon and localsty—The specimens "were collected by. 

Sidney S: Lyon from the upper Chester beds:-of Grayson 2 


Springs, Kentucky. ‘They were probably collected in the n | 


1850's. The horizon has been — as Glen Dean, sur i 
' this i8 far from certain. ^ 
Types.—The types, S 4430 and S 44302, are in the iudi 
collection in the United States National Museum. They were 
originally in the Lyon collection, which was purchased by 
Springer. The species is named for Sidney S. Lyon, pioneer 
collector and student of the Crinoidea of Kentucky. 
Relationships.—C. lgoni most nearly resembles C. tumidus in 
general appearance. Its most obvious distinction, as noted | 
under the description of C. tumidus, is its less conspicuous — 


basals. 


CYMBIOCRINUS ROMINGERI Krank, new species. 
Plate 1, Figs. 1-4, 8, 9. 


Of this species, some 11 crowns and 4 dorsal cups are avail- 
able for study. Most of the material is in an excellent state of 
preservation. Although one of the smaller and earlier species 
of the genus, it has been chosen as genotype because it best 
shows the characteristic features on which the genus is based. 

The species is intermediate in size between the small C. dacty- 
lus (Hall) of the St. Louis and the general run of species of 
the higher Chester. The largest crown of C. romingert has a 
height of 33 millimeters, the dorsal cup having a height of 8 
millimeters. The crown is compact. The largest dorsal cup 
seen has a height of 3 millimeters and a diameter of 10.5 milli- . 
meters, somewhat larger than the cup of the holotype. This 
may be considered as of about maximum size for the species, as 
the majority of specimens are much smaller. 

In young specimens the dorsal cup is rounded and bowl- 
shaped. In older specimens the breadth increases relative to 
the height, and the characteristic flattened base develops. The 
basal pit is sharply defined and deep. The IBB are small and 
entirely contained within the basal pit. The BB are relatively 
small but their upper portions show clearly in lateral view. 
The BB are very convex in older specimens. Post B typically 
bears a single anal plate on its truncate distal face. In one 
specimen out of ten'in which the posterior IR is shown, post B 
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^. Bupports two plates. "The RR are very large, comprising the 
' greater part of the dorsal cup. In one specimen the structure 
of the articulating face of the radial is well:shown. It is 
a typical muscular articulation. There is a strong, sharply . 
, defined, fulcral ridge extending the full width' of the radial. 
. The dorsal ligament fossa is narrow but well defined. ‘The 
ligament pit is large. -and cuts into and under the fulcral ridge. . 


There 18 a pair of small, inter-articular ligament fossae and a . 


pair of large, muscular fossae separated by an inter-muscular 
furrow. The’ anal plate is large, extending well above ine 
level of the radials, and supports two tube plates. . 

The first primibach narrows rapidly distad and is consider- 
ably larger than the primaxil. Fortunately, in one specimen 
the primibrachs have separated cleanly in three of the rays, 
showing the distal faces of the first primrbrachs. ‘The struc- 
ture shown is interesting and apparently unlike anything known 
in recent crinoids. There is a narrow marginal flattened ‘area. 
Within this zone and comprising the greater portion of the ` 
face, the surface is convex, in one case strikingly so. This 
convexity reaches its maximum in the area surrounding the 

, ventral groove. Unfortunately, the primaxils are missing, but 
there must have been a corresponding concavity on its proximal 
face. In short, we have a concavo-convex union. The marginal 
flattened zone is traversed by fine, radiating ridges, many of 
which bifurcate. The convex portion is smooth, with a slightly 
uneven surface. It is not possible to name this structure in 

‘the terms used by workers in modern crinoids, but perhaps 

^ pseudo-syzygy would serve. The first two secundibrachs are 
closely united, but the suture shows clearly. The Brr are 
cuneate, In the proximal portion of the arm in specimens of 
medium size syzygial pairs of brachials alternate with single 
brachials. In larger specimens fewer syzygial pairs can be dis- 
tinguished. ‘This suggests that with advancing age anchylosis 
and obliteration of the suture transform the pair into a single 
. unit. The pinnules are of medium length and stout. | 

The ventral sac can be seen in one young individual that is 
badly weathered and in one adult. Normally, two tube plates 
are supported by the anal plate. These'in turn support a 
much smaller pair of tube plates. Apparently this median 
series of heavier plates does not continue far distad. The sac 
itself extends to about one-half the height of the arms. It 
seems to have been.subcylindrical in shape but being incom- . 
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petent is flattened and distorted in the adult specimen. The 
` -sac is made up of a large number of very small, thin plates. : 

A few millimeters of the proximal portion of the column is . 
preserved i in one specimen. There are prominent nodals, sepa- 
rated by as many as five internodals. The nodals carry whorls _ 
of cirri even in this portion of the column. | s 

Horizon and locality—All the specimens come from the 
so-called “Ste; Genevieve,” some 7 miles south of Huntsville, 
Alabama, near Whitesburg. The holotype was collected by 
Carl Rominger. The paratypes were collected by Bernhardina 
and Charles Wachsmuth. It would appear that Rominger was 
the first to discover this crinoid horizon near Huntsville. The 
early collections of crinoids by Troost, Worthen, and others 
were made near the city, chiefly on Monte Sano and from higher 
stratigraphic horizons. 

Types.—The holotype i is United States National Museum 
110708. The paratypes are S 4434a-c in the Springer .collec- 
tion in the United States National Museum. 

Relationships.—C. romingeri most nearly resembles C. dacty- 
lus (Hall), as might be anticipated from their close strati- 
graphic relationship. C. romingeri is a larger form. The arms 
are relatively longer and stouter, with fewer syzygial pairs. 
The cup in C. romingeri has a more flattened base, and the 
basals are notably tumid. In C. dactylus the basals are convex 
but not tumid. 


CYMBIOCRINUS TUMIDUS Kex, new species. 
Plate 1, Figs. 18, 14. | 


This species is based on four specimens, three with reason- 
ably complete sets of arms and the fourth a dorsal cup with 
fragmentary portions of the proximal brachial series. 

The species is of medium size, the crown of the largest speci- 
men having a height of 48 millimeters, of which the dorsal cup 
takes up 4 millimeters. ‘The crown is compact and ae 
drical in habrt. ` 
. The dorsal cup is composed of thick, tumid plates. In the 
holotype the cup has a height of 4 millimeters and an average 
diameter of about 11 millimeters. The cup is basin-shaped, 
with a flattened invaginate base. The IBB are completely con- 
. tained within the basal pit. The BB are of medium size. They 
are highly convex and show in lateral view.as sharply defined 
bosses. The RR are large and distinctly convex. The facet 
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is lises ‘ind extends the full width of the radial. The — IR 


1s shown in but one specimen. The anal plate is large and 


| extends Well above the level of the RR. It seems to have gup- E 


ported three tube plates. 
The arms are of medium height and slender in relation to the 


size of the dorsal cup. The primibrachs are stout, with well- ` 


defined sutures between them. ‘There is a marked lateral con- 
striction at the level of the suture. The first two IIBrr are 
closely united, but the sutures show clearly, and in some cases, 
there are offsets of the plates one to,the other. The higher 


. Brr are almost quadrangular in outline but have slightly slop- 


ing faces. Owing to the crowding of the arms and the nature 
of the matrix, it is not possible to state definitely that syzygial 
pairs of brachials are present, though it seems probable. 

Nothing is known of the ventral sac. The single anal plate 
shown seems to have borne three tube plates. From the size 
of the facets it would appear that the tube plate on the left 
shoulder was the largest. The median tube plate was smaller 
and the plate on the right shoulder much smaller. This is a 
considerable deviation from the customary structure of the 
genus, in which the median plate ig usually much the largest. 
It is probably of httle importance, BORA yer and may well be 
merely an individual variation. 

Horizon and locality —This species is of considerable inter- 
est in that the known specimens come from widely separated 
localities. “The holotype is from the well-known horizon cor- 
related with the Glen Dean formation at Sloans Valley, Pulaski 
County, Kentucky. The other specimens are from the Bangor 
formation near Huntsville, Alabama. All the specimens were 
collected by Charles and Bernhardina Wachsmuth. Knowing 
the old Wachsmuth localities at first hand, I am quite sure the 
Huntsville locality is at the top of a “mountain” southeast of 
Huntsville and south of Monte Sano. 

T'ypes.—The types are in the Springer ei in -the 
United States National Museum. The holotype is 4481 and 


the paratype S 4432. 


Relationships —C. tumidus and C. lyons resemble one another 
in their general habit. Both have low, flattened dorsal cups and 


_ relatively slender arms. The most obvious distinguishing char- 


acteristic of C. twmidus is the relatively large, highly tumid 
basal plates. In C. lyoni the basals, though convex, are in 
nowise so strikingly developed as in C. tumidus. 
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`- ABSTRACT. The Aquitanian Stage of the European Tertidry dates from 


1858 and not 1857 (1858). According to the law of priority the type sec- 
- tion is in the region of Ajoie, northwest Switzerland and not in the _Aqui- 

tanian basin near Bordeaux, France. The Aquitanian was assigned to the 
Oligocene by Mayer in 1858. ' i 


T Aquitanian Stage of the European Tertiary has been 
the subject of much discussion by many authors ' partic- 
ularly as to whether or not it is Miocene or Oligocene, and 
whether it is younger than the Chattian Stage or equivalent to 
it, either in whole or in part. The answer to these questions 
` is basically determined by the limits of the type section of the 
Aquitanian Stage. l 
. Recently the present — occasion to make an inten- 
.sive study of the literature dealing with the Aquitanian and 
noted that all of the many papers” examined either assume 
or state that the type section is in thé Aquitanian Basin near ' 
Bordeaux, France, and that the Aquitanian Stage was pro- 
posed and defined by Mayer in a paper presented in 1857 and 
‘published in 1858. No work examined refers to any earlier 
paper on the Aquitanian than that of Mayer (1858). 
© Nevertheless, the opening sentences of Mayer’s 1858 paper 
in the section on the Aquitanian Stage indicate an earlier 
work. These sentences are as follows (freely translated) : 


There is no need to justify our division (in the year 1858) of 
the Aquitanian into two “Stages,” the definite division of land and 
sea in Europe into the two epochs justifies our division. It would 
be more fitting to criticise our not having recognized this divitem 
previously. 


Unfórtunately Mayer does not list any paper in his bibli- 
ography for the year 1858, but his opening sentence leaves no 
doubt as to its existence, 
. After an extended search of the literature of that era the 
present author believes that a paper by Gressly (1858), entitled 
1 Tropical Oi] Company, Barranquilla, Colombia, S. A. 
? Among the more important papers are: Alimen (1986), Dollfuss (1909), 
Vaughan (1924, pp. 718-714), and Munter-Chalmas and de Lapparent (1898, 


pp. 481-482, designation of the type section of the Aquitanian Stage as , 
near Bordeaux, France). 
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«Nouvelles Données sur les Faunes Tertiates D’Ajoie avec > les 


determinations de M. Mayer,” is the paper referred to by 
Mayer. Other references to the Aquitanian Stage were found 
in the literature between the years 1858 and 1857, indicating 
that several contemporary geologists were. familiar with 
Mayer’s classification before 1857. AN 

The title of Gressly’s paper definitely shows that the age 
determinations are by Mayer and in the text it is indicated 
that the classification employed is Mayer’s. Further, Gressly 
(1858, pp. 258-259) says (freely translated) : 


After examination of the faunas of subdivision F of the above 


terrains, the subdivision which in Ajoie is the. most important in 
thickness and extent, Mayer believes it certain that that subdivision 


corresponds to his Moguntian [Stage], that is to say, to the Ton- 
grian and Rupelian of Dumont. From which one arrives at the 
following classification, according to Mayer. 

The beds A and B would represent the Helvetian with some 
doubt. The beds C and D would be the Aquitanian. The beds E 


and F the Moguntian . 


Thus a definite set of beds are indicated as the Aquitanian. 


' On pages 254-255 a description of the beds involved 1s given. 


Subdivision C is a micaceous “molasse” containing fragments 
of wood and confused leaf'imprints and can be easily observed 
at Papplemont, Courtemautruy and Plainmont-Dessous. Sub- 


- division D is composed of marls and sands, usually unfossilif- 


erous but containing marine fossils at Papplemont and Cour- 
genay where Mayer recognized Lamna .contortidens Ag., 
Anarrhicus, Balanus, Spondylus, Nerita funata Duj., Mactra 
basteroti May., Lucma supina (?), L. divaricata Lamk. Thus 
in Gressly's paper there is given a definite designation of cer- 


‘tain beds as Aquitanian, and a description of those beds 
` together with a list of the fossils found.’ That the beds are 
largely non-marine, and with the remaining marine beds but 


poorly fossiliferous, is unfortunate, but it does not remove 
them from consideration as a possible type section v the 
Aquitanian. 

Further, Gressly's paper (1858, pp. 259-261) has — 
to it an addendum by J. Thurmann (of the Swiss Geological 
*Bureau") saying, in effect, that as they were'obliged to use 


‘Mayer’s ‘classification in the paper, he was presenting there- 
` with Mayer's complete. classification in order that the reader 


might better understand it.. This table ts as follows: 
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Switzerland by? 
2. "Placentien" M. (lower Pliocené)—Oeningen? Kapfhach? . 
:8. “Dertonien” M. (upper Miocene)—Upper fresh - water 
"molasse" of the German-Swiss Basin. 
4. “Helvetien” M. (middle Miocene)—Marine “molasse” and 
shell 7 of the German-Swiss Basit. - 
5.  Aquitanien " (lower Miccene)—Lower fresh water 
"molasse" of x German-Swiss Basin. - 
6. "Moguntien" M. (—? nob.) (Tongrian and Rupelian of 
Dumont)—Upper marine sands of Fontainebleau, Etampes, 
Mayence, Castel-Gonberto, etc.—Limestone of Ajoie, Bale, 


Lauffon, Delemont, etc po Diabloretg” in the BE Alps 


with special fauna. 
7. "Parisien" d'O. “(upper — ‘Caleaire grossier”; in 
Switzerland “Diablerets,” St-Gall? Schwyts? 


8. "Suessonian" d'O. (lower Eocene)—Sands of Soissonais; in 
.Switzerland—: 


This table’ cannot be interpreted as referring only to 
_ Switzerland. for it refers to French and German sections ass 
. well as Swiss and it questions whether or not the ““Pedemontien”- 
and “Suessomen” are represented in Switzerland. Nevertheless; 


— under “Aquitanien” he refers only to the deposits in the Ger- 


. man-Swiss Basin (tbe paper by Gressly deals with part of this 

basin) and does not list any in Frarce. 'Thus it appears prob- 
able that the strata around Bordeaux, France had not yet been 
correlated with any part of Mayer’s classification of oe 


'. Tertiary. 
That the name Aaa was used by Mayer for this 2 


particular stage is perhaps unfortunate for it immediately . 
implies a connection with the Aquitanian Basin of France to 
most readers. That Mayer did not consider the deposits of . 


the Aquitanian Basin of France as typical of his Aquitanian n 


Stage is implied in his 1858 paper (p. 199) for he says (freely 
translated): | j 

Concerning the synchronism of the four UN formations of ` 
the Aquitanian north zone, it remains only to say that this has long 
been recognized, and needs no further support. . . 


| and a few lines farther on, 

In connection with the formations of the Aquitanian south zone, 
the so-called Faluns (that is: Mussel deposits) aré in need of special 
discussion. We have investigated these Faluns during an eighteen 
month stay in the meadows of the South of France, and therefore 
we can give.definite information on their conditions of deposition. 


“Pedemontien,” Mayer (upper licut apreta in ^ 
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and then after some further statements he' proceeds to give a | 
detailed descrrption of the Faluns as they. occur in the Depart- 
ment of Gironde. It is this area which subsequent workers 
have considered as the type area of the Aquitanian Stage, yet 
in his 1858 paper it is clear that Mayer discusses the Faluns in 
. great detail because-of the confusion existing at that time as 
to their correlation and not with a view to establishing the 
Faluns as the type of his Aquitanian Stage (see p. 191, where 
he says: *. .-. and here we will investigate the cause for the 
erroneous classification of Messrs. Delbos and Raulin."). 

Thus, in summary of the preceding, we find the following 
facts: 


1. In 1858, Mayer refers to his 1853 division of the Aqui- 
tanian (a point overlooked by subsequent workers). 

2. An 1858 paper by Gressly on the Tertiary of Ajoie, 
Switzerland, with determinations by Mayer’ (according 
to its title), appears to be the Pape referred to by 
Mayer in 1858. 

3. This 1853 paper has as an a a table showing 

- Mayer's classification of the Tertiary. In this table the 
| Aquitanian is listed only in the German-Swiss Basin. 

” 4. In the text of this 1858 paper there is a two-fold division 

i of strata which are designated as “the Aquitanian,” 
together with definite —— descriptions and faunal . 

. lists. 

5. It is evident from the text of Mayer's 1858 paper that 
he only discussed the Faluns of the Aquitanian Basin of 
France in detail in order to show that the Aquitanian 

i Stage was present there, and distinct from the Helvetian 
of that area. 

.6. Munier-Chalmas and de aspas did not designaté the 
strata in the Aquitanian Basin as the type section of the 
Aquitaman Stage until 1898. 


In consideration of the preceding six points, it appears to 
the present author that as long as we abide by the law of 
. priority that the type locality of the Aquitanian Stage 1s not 
in the vicinity of Bordeaux, France, but in the vicinity of Pap- 
plemont, Courtemautruy, Plainmont-Dessous, and Courgenay, 
in northwest Switzerland, and includes the strata discussed by 
" Gressly (1858) as beds “C” and “D.” 

Whether or not these strata in the valley of Ajoie, Switzer- 
Ax. Jour. Scr.— Vor. 242, No. 5, May, 1944. f 


18 
i 


e 


E 250 J. Wyatt Durham. 


land are exactly the same age as those near Bordeaux, France 
has not been. investigated. The faunal lists given by Gressly 
‘aré too small for a critical analysis. In this respect, European : 
geologists should carefully investigate whether or not the 
Aquitanian of Ajoie is the same as the Chattian of Germany. 
It appears to the present author very probable that they are - 
equivalent, in which case the name Aquitanian would take pre- 
cedence. over Chatzian. If they are not equivalent, their exact 
relationships should be easily determinable. 

With regard as to whether or not the Aquitanian: i: is to be 
reférred to the Oligocene or Miocené; it was referred to the 
- lower Miocene in the 1858 paper (p. 259). At this time the 
Miocene included much of the strata subsequently referred to 
the Oligocene (which was not proposed and defined until 1854). 
However, in Mayer’s 1858 paper (p. 171), he says | 


the fifth [Ligurian], sixth [Tongrian] and seventh [ Aquitanian] 
stages are Beyrich's Oligocene. 


Thus it appears that the Aquitanian as originally described 
— by Mayer should he referred to the Oligocene. 

The effect of this 1858 paper on other European Tertiary 
stage names should also be investigated. The terms “Mogun- 
tien," “Helvetien,” “Dertonien” (?=Tortonian), “Placentien” 
(Plaisancian), and “Pedemontien” (?=Astian) are other 
names that are used for the first time. 7 | ! 
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THE GEOLOGICAL SECTION AT THE 
LIMESTONE MINE, BARBERTON, OHIO. 
CLINTON R. STAUFFER. ! 


ABSTRACT. For the new limestone "ade at Barberton, Ohio, two shafts . 
were sunk to the Devonian limestone 2,197 feet below the surface. The 
limestone has been opened to an additional depth of 51 feet, modern 
machinery installed, and the mine designed to supply 1,800,000 tons of 
limestone annually. These shafts, together with the diamond tests drilled 
for exploratory purposes, give a combined log of 2,851 feet and thus one 
of the exceedingly important geological sections of the Lake Erie region. 
Several disconformitles and other Indications of interrupted sedimentation 
are evident in the shales and limestones encountered. There {s a sugges- 
tion of the Marcellus fauna in a portion of the section but the limestone 
being mined is the upper part of the Columbus with a typical Onondaga 
assemblage of fossils. . 


INTRODUCTION. E 
ARBERTON is located. about six miles southwest of 
Akron and 40 miles south of Clevéland (See map. Text 


Fig. 1). It is near the edge of the Pennsylvanian formations 
on the northwestern margin of the Appalachian geosyncline 





y 200 Text Fig. 1. 
Outline map of Ohio showing the gederal distribution of Paleozoic systems 
in the state and location of the town of Barberton. 


in the wedge belt of the Devonian and younger beds approach- 
ing the northeastern extension of the Cincinnati axis. Wells 
drilled to the Salina formation have“produced brines from this 
region for many years and the geology has been interpreted 
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from the logs of such wells, but with the institution of core 
driling the knowledge of the section has been much improved. 
Now there is a shaft down through nearly a half mile of the 
rocks in question and tons of the rock have been handled by 
man. 

In 1941 the E. J. Longyear Company of Minneapolis started 
two mine shafts for the Columbia Chemical Division of the 
Pittsburgh: Plate Glass Company at Barberton, Ohio. These 
were completed, equipment installed, and the mining of lime- 
stone was started in August, 1942. The mine is located on 
‘Lot 64-T. 1 N.-R. 12 W., a mile west of the south end of 
Barberton and is connected by electric tram with the main 
chemical plant about two miles distant. Hn 

At the winter meeting of the Minnesota Section of the Amer- 
ican Institute of Mining and Metallurgical Engineers on Jan- 
: uary 12, 1943, Mr. J. Murray Riddell gave an hour’s talk on 
“Shaft Sinking at Barberton, Ohio, With a Description of 
Mechanical Mucking for Shafts.” Mr. Riddell is manager of 
the Mining Division, Ev J. Longyear Company, and was in 
charge of operations at Barberton. He gave a thorough dis- 
cussion of the mining operations and the handling of problems 
met during the excavation and concreting job. Not much 
time was available for a discussion of the geology nor was it 
intended to cover that subject during his hour talk. Mr. Lee 
Armstrong, geologist for the Longyear Company, was on the . 
job at intervals during progress of the work and made several 
reports to the Company, copies of which are on file in the mine 
office of the Columbia Chemical Division. These are not for 
publication although the information in them was available dur- 
ing the study herein reported. Through the courtesy of Mr. 
Robert D. Longyear arrangements were made with Mr. George 
A. Morrison, Mine Superintendent, for a personal study of the 
mine, the rock being removed, the samples from the shaft col- 
lected by Mr. Max 'l'essmer, the underground mine engineer, 
and the fine set of test cores stored at the mine. The field work 
for this study was done during the mid-weeks of March, 1943, 
and materials collected were shipped to the geological labora- 
tory at the University of Minnesota where the study continued. 

While at the mine Mr. W. R. Flack, civil engineer for the ` 
Columbia Chemical Division, worked with the author at various 
times and gave much assistance as well as first hand information 

from direct contact with the job. Mr. Morrison also gave: 


at the Limestone Mine, Barberton, Ohio... 253 


much of his time, contributed opinions on observations made, 

and generously allowed the use of samples, records, and equip- 

_ ment—everything in fact that would contribute to the success 
of the study. 


THE MINE. 


The mine is designed to recover the greater part of the 
48 feet of high calcium rock constituting the upper part of 
the Columbus.hmestone and is capable of supplying 1,300,000 
tons of rock annually thus easing a shipping situation which 
caled for some 800,000 tons annually down the lakes from 
Michigan or up from.a company quarry in southern Ohio. 
The elevation at No. 1 shaft is 1,045 feet A. T. and is that of 
the mine collar. 

The shafts to the mine are each eight feet by seventeen feet, 
start in the Sharon conglomerate and end in the high grade 
Columbus limestone of Onondaga age, 2,248 feet below, which 
is the level of the present floor of the mine. To accommodate 
the machinery, additional excavation was done. . At the crusher 
the bottom of the pit is 2,298 feet and the excavation for the 
conveyor belt extends down to 2,998 feet below the mine collar. 
- or 1,278 feet below sea level. Prior to driving the mine shafts, 
several test holes were drilled 1n the immediate vicinity of the 
mine. Test hole No. 8 is located on the south shore of Lake 
Dorothy and hole No. 4 across the lake on the north shore— ` 
less than a quarter and perhaps a half mile respectively from 
No. Y shaft. These test holes were carried down through 
the limestones and dolomites into the gypsum and salt-bearing 
beds some five hundred feet below the lowest excavation in the 
mine. The cores from the limestone were split, half being used 
for analyses and the other half were available for study as 
well as the whole cores from the thick shales above. 

The shafts exposed completely the Mississippian remnant 
in northern Ohio, and the drill passed completely through the 
Devonian. *This-section cutting over 1,875 feet of Devonian, 
all but about 180 feet of which was actually exposed, is per- 
haps the most important and complete Devonian section of 
the Lake Erie region. Unfortunately, there was no one par- 
ticularly interested in the stratigraphy on the job during exca- 
vation and at this late date it is only possible to retrieve the 
remnants and piece them together into such restoration as is 
now possible. This mine is now a very busy place so that 
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s conditions are changing rapidly. Much that is available at 
present may not be a few months hence. Fortunately. the 
engineers in charge kept an excellent foot by foot record of the , 
excavation, but both shafts are now lined with concrete to the 
top of the Devonian limestone, thus effectively sealing the rock 
cut. Many of the hand samples taken at numerous horizons 
are available and the work is still fresh enough in mind to i 
. obtain some information from men who worked on the job. 
All of this has been utilized and the &ccount herewith seems to 
~ be about as accurate as it can now be made. 


THE SECTION. 
In the section given herewith the measurements are from the 
shafts as are the descriptions of the strata passed, through, 
although the latter are supplemented by the cores from the 
test holes (Nos. 8 and 4) of the immediate vicinity. The fossils 
given in the descriptions of divisions of the.section are those 
from the cores of the same test holes with the exception of & 
very few actually taken from the excavation. Below the bot- . 
tom of the mine the measurements and descriptions are based 
entirely on the cores. These, however, are relatively large and 
represent a high percentage of core recovery, hence nearly 'full 
view of the formations penetrated. 
l . 
Mine Section, 
i - — Elevation at Shaft No. 1 = 1045 feet A.T. 


Thickness Total 
^ Pleistocene 
Wisconsin i 
87. Drift, a sandy clay with gravel and a 
few boulders ..... e EREXIT 20-0" 20-0” 
Pennsylvanian | 
Sharon conglomerate 
86. Sandstone, buff, cross-bedded, coarse A 
medium, with bands of quartz pebbles 


and conglomerate ......oooooooooom..» 12-6” , 82-6” 
85. Sandstone, buf to. gray, medium to fine 10-0”  . 49-6" 
84. Sandstone, gray to buff, medium to flne, 

interbedded with arenaceous gray shale 18-4” 55’-10” 


88. Sandstone, gray to brown or buff, medium 

to coarse, with beds of quarts pebble 

conglomerate ........... lees 9—0" 64-10” 
82. Sandstone, gray to buff, coarse ........ 10'-0^ 74/—10" 
.81. Sandstone, gray, coarse to fine ......... 10-0" — BA-10* 


yd VO oue rue Thickness, 
Mississippian : M. — 
o gro formation . Nu E 
80. Sandstone, : gray, fine-grained, with gray.. 
i shale parlings 0605 ks soe pote nno ., 10-0" 
79. Shale, argillaceous, gray, with bands of 
thin sandy layers ...1............2... . 10-2*: 
78. Shale, gray, banded, argillacéous — ' B0'—0^ 
77. Sandstone, gray, fine-grainéd ........... 'A0-0n / 
76. Sandstone, gray, fine-grained, with 'inter- `>- — . ` 
' A bedded’ gray shales .................. 807-0" 
7B. 'Shale, gray, argillaceous, with interbedded ` J 
thin gray-sandstones ...........:1..... So 
74.. Sandstone, gray, and interbedded gray ' 
Shale. ..... 2.2. esse ee eeee ees NN 60-0” 
, TB. Sandstone, gray to gray-green .......... >. 10-0". 
«12. Shale, gray, argillaceous; banded ........ a b-0" 
71. 


. 67. 


66. 


P x "M 
— ee r = . 

1 
f Fo c $ 


sa ne 
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' Mine Section— (continued) 


Shale, gray to gray-green,. arenaceous, ' 
, interbedded with fossiliferous sandstone — 25-0" 


Shale, gray, ‘banded, with sandstone layers 


and lenses ee align eae au ease eee ss 280 
Shale, gray to gray-green interbedded | 

with layers of gray sandstone. Fos- . ; 

BIDfeFOUB. asesor va ty nace adc es ae 
Shale, gray to gray-green, , becoming des. 

bluish. and with occasional thin eross- 

bedded sandstones ................-.. | 120-0" 
Sandstone, gray, fine-grained, with blue- . 

gray shale partings .............: — 18-0” 
Shale, blue-gray to eee — | DON 


F Sunbury shale , . 
65. Shale, gray to dark gray. more or: less 


1 


ia EN BOF 


64. Shale, dark gray to gray-black, brittle, - s, 


In the lower portion Liagula melis is : 
common. .Fish scales, conodonts (Pri- 

oniodus sp. etc.) and Sporangites ere 

also common; Sharp contact at the base - 

where the Berea grit is absent ....--.. 19-0" 


- Bedford shale É 
- 68. Sandstone, ' gray, ‘fine-grained, shaly, oll . 


ea l A scan ise es . 1-8" 


. 62. Shale, gray, soft at top, changing to dark 


. ' * o sandstone interbedded ................ (v Bae 
61. Shale, gray to gray-brown - PN STE S 81-0" 
Devonian F 
Cleveland shale l 
‘60. Shale, black, slaty, with thin layers of ' ECT 
sandstone ....... MR Caen esos VI EU g-o” 
-59. Shale, black to gray .................. , oto" 


gray with thin bedded — gray 


Chagrin formation . 
E Shale, dark gray, with interbedded sand l 
| Btones E EET Ead aas TET | 10-0" 


E 
x 


- 
zn 


x 
l 


268 


. Total: 


256 
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' 56. 
55. 


54," 
58. 
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Shale, gray, with. interbedded gray sand- 


Shale, , slaty, gray .......... "MPH 
Shale, gray, argillaceous, thick bedded, 


` with thin gray sandstones ............ 


Shale, gray, Baty curses diet eevasavesd 


Shale, gray, argillaceous, — hoses T 


Huron shale 


5. 
bi. 
50. 
49.. 
- 4& 


47. 


46. 


465. 


Shale, gray to chocolate brown; & 3-Inch 

seam of gilsonite at the base ......... 
Shale, gray to black, banded ........... hs 
Shale, brown to black, with gas ......... 


Shale, gray to chocolate brown and black, 


with gas aL Dae... ceo ee eet ee 
Shele, chocolate . brown to black with 
bangs Of Pray aca e bm 


y Shale, chocolate brown to black with 


rounded calcareous concretions 1) inches 
to 2 feet in diameter. Some have cal- 


CHO VEIAN aria a ay 
‘Shale, gray to brown and black; a seam 


of gilsonite at the base ...... ...... 
Shale, blue-gray, with crinoid stems and 
a 2 to 8-inch seam of gilsonite at the 
O ri 


44. Shale, gray to brown ‘aa black, banded. 


Gas at TORRES bb pidge ar pedes icc S 


43. Shale, gray to brown and black, banded. 


Scolecodonts and other poorly preserved 
fossils. Near. the bese plant, fragments 


BODOG? iuste pk Qr S Ec I DV aat tes 


42. Shale, gray to brown, banded ........ wad 
Hamilton (Olentangy) shale ` BT 


4l. 


Shale, blue-gray and gray-brown with 
pyrite concretions common. A 2-inch 
layer at the top is filled witk pyrit- 
ized fossils, such as Tropidoléptus car- 
inatus, an Athyris sp. a large number of 
Chonetes sp.. and a few Ostracodes, 
such as Hamiltonella sp. ............ I 


40. Shale, blue-gray with Letorhynchus multi- 


costa more or less common ...:....... 


89. Shale, gray to bluish gray, : calcareous, 


‚banded with brown or black. Sporan- 
gites sp. common in the, black bands. 
Leiorhynchus multicosta also occurs in 
these beds. A small quantity of gas 
given off at several horizons .......... 


88. Shale, blue-black to brown-black, banded, 


. brittle. Sporangites 8p. and a few.cono- 
- donts, such as Lonohodina sp. found in 


these shaly beds ........ Pee . 


Mine Section— (continued ) 


Thickness 


180-0” ` 


: 60-0" 


Bly 07r 
445-0" 


180'-0" 


180-0” 
. 118-0” 
192 " 


115-0" . 


1894-0" 


6-0" 


62-0" — 


18-0" `- 


252-0”. 


100-0” 
87-0” 


87-0” 


"P 


mah 


. 2190-0" 


2170-0” 


ots 
+ 
uu 
n 


- Total 


^^ 780-07 


84007 


875-0". 
920'—0" 
1100-0" 


1280-0” 
1848'-0" 


. 1860—-0* 


14T5'-0^ 


1614/—0" ' 


1620-0" 


1692-0" 


1700-0” 


1952-0". 


17 < 


2052-07 


. 2089'-0" 


/ 
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TEE Mine  Sectiok— (continued) 
"E - Thickness - Total 
87. Shale, brown-black, otier ~in the -. i 

lower part. The following ‘fossils aré - 
. more or less cominon near the eontaét: : 

Bporangites several.species, Fish teeth, 
scolecodonts, crinoild stems,. Loazoneria 
sp. Tentaculites gracillistriatus, Stylic—~ . 
lina fissurella, and numerous conodonts ^ 
such as: Angulodue sp. Bryantodus sp, 
Hindeodella spi, Hindeodelloides sp., 
loriodus: sp. Ligonodina sp, Metavri-' 
oniodus sp. Palmatolepis sp., Poly gna- 
thus sp., Synprioniodina-sp. etc. Very 
_ Bharp contact at base of black shale and - 
gas encountered at that point ......... TO” 21970” 

Delaware limestone (Gas and some oil. throughout) 

86. Limestone, gray, partly’ crystalline, with - 
some cherty nodules. Among the fos- 
-- , Sis are‘ Atrypa reticularis, Chonetes 
- coronatus P, Spirifer mucronatus f, 
jx Spirifer soulptilie ?, Spirifer (Paraspiri- 
fer) bownockeri, the latter occurri : 

E BY thë: DASE eec oer oc Piso aAa 25" 21996" 
o 85. Limestone, gray, partly: acystalline: show- 
y . ~ ing several stylolitic bedding planes, a 
little chert and about a 2-inch shale 

parting ‘at the base. Favosites turbina- 
tus,’ Heliophyllum hali, Spirifer sp, 
Atrypa reticularis, Eunicites sp., Lum- 
briconereites Sp., Nereidavus 8p., ete, 
are found in these IAVOTS STREET I 2202-0" . 
Columbus (Onondaga) limestone | i 
84. Limestone, gray to light ‘gray, with sev- 
eral stylolitic seams or bedding planes 
conspicuous. A high grade limestone. 
Some of the common fossils are Atrypa 


" reticularis, Spirifer duodenarius, and : 

i Btropheodonta tnequiradiatus, ......... ,, 9-5"  , 220V—5". 

88. Flint or chert, a layer of light gray : 
hodale qe I E Qr—4^ 2204-9" 


N 


82. Limestone, gray, partly crystalline, show- 
` „ing some good stylolites and containing 
Atrypa reticularis, Camarotoechia caro- 

y lina, Stropheodonta demissa, Strophe- 


odonta hemispherica, etc. ............. 28" ` 2201'—0" 
81. Flint or. chert, gray nodule with some 


limestone ....... iere 0-8" ' 9201'—8" 
80. Limestone, gray, — crystalline, with | 
Atrypa retioularis, Oamarotoschic sp. 
Ohonstes hemisphericus, Schizophoria 
propinque, Spirifer duodenarius, Spiri- 
fer sp. Stropheodonta hemisphsrica, | 
v etc, and showing several seams of 
l stylolité Pew TEE .^ 8-8" 2210-11" 


` 


~ 


| 21. 


19. 


“18. 


Yr. 


.. 16. 


I 
” 


' Clinton: R. Staufer=-The Geological Section. 


t 
J 


" "Mine Séction—(contiziued) 


L 


J— gray, with gray flint or — 
nodules at the base .........oo.oooo..... 


Limestone, gray, partly crystalline, with 
"Leptaena rhomboidals and Stropheo- 


, donta ine re ee t]atan? 
Limestone, gray, with stylolitic seams and 
flint nodules ......... 62. eee cee eee i 


, Limestone, gray, with, stylolite and some 


gray flint in the lower part. Common 


fossils’ are’ Atrypa reticularis and Lep- . 


taena rhomboidalis ARES 
Limestone, gray, * with flinty, nodules in 


~ the lower part 12. ewes or ende wein Rs | 
Limestone, gray, with stylolite. seams. 


Atrypa retioularis common.: A gas poć- 
Limestone, gray, with a few small gray 
chert nodules, .stylolites and several thin 


black line partings. Atrypa spinosa . 
A prominent stylolite at the . 


common. ' 


Limestone, gray, partly crystalline, with 
‘fine line-like irregular partings near base 
Limestone, gray, partly crystalline, with a 


. small amount of gray chert and several. . 


stylolitic seams. The fauna includes 
Proetus sp. Atrypa retioularis, and 


Sptrifer gregarius, the latter especially 


abundant «3... carr 
"Limestone, gray to gray-brown showing io 


-stylolite. Sptrifer sp. and other fossil 
fragments are common ............... 


Limestone, gray, partly crystalline, ,con- 
tains Atrypa reticularis and shows a 


brown shaly parting at the base,....... 
Limestone, gray .to gray-brown, 


. Btylolite and brown shale parting near 


bottom. Common fossils are 'Airypa 


retioularis, Cyrtina hamiltoneneüs, Stro-. 


. phonslla ampla together with various 


Thickness 


I 


Bu 5, 


5-1" 


1'-107 


fragments of other fossils. This is the . 


base of the high grade limestone and i 


the bottom of the mine ............-.. 
Limestone, gray to dark gray, , & siliceous 
‘limestone with 25% or mòre SiO, Com- 
mon fossils are 4trypa reticularis, Dal- 
: manites aspectans, Btromatoporella Bp» 
and various corals .:..0omommooocor=... 
Limestone, siliceous, gray, “irregularly 
banded with brown and showing stylo- 
lite. Common. fossils are dirypa reticu- 
laris, Oyrtina kamiltonensis, Ehipido- 


mella vanunemi, Spirifer, BD etc. ..... 2 


(Qr. 


L4 
e 
Total ` 
r 1 
" , 


2211-10" 


, 2214/20" 


2214 


2286-2" 


* 
Y 


2241-8 " 


^3 


2245-1" 
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S Mine Section (continued) l 
l Thickness "Total 
15. ‘Limestone, gilicéons; gray to dark gray, ' 
.' mottled.. These beds contain corals and 
~ humerous other fossil fragments ...... 61-6" | — 2815-0" 
14. Limestone, siliceous, gray to dark gray, 
numerous crystal covered fossils and i 
fossil fragments. Corals common .... 24-2" | 2889-2" 
18. Limestone, siliceous, gray to dark gray, ' i 
with rough black partings between 
beds. Corals such as Diphyphyllum sp, — 
Favosites sp. Zaphrentis 8B» etc, are 
NUMCPOUS is uu ovs Us WEE VI Ed RAE SIC 2b'-0" 2864/—2" 
12. Limestone, very siliceous, dolomitic, gray 
with light gray chert. Cup corals and a 55 
other fossils common but not abundant 29-10” 2894/-0" 
11. Limestone, siliceous, dolomitic, gray, with - 
an abundance of light gray chert. Vari- 
ous ‘compound corals common but not 
&bundant, one is probably a. Miohelinia 
BD. wicks AI 29'-0* 2417-0” 
. Lucas dolomite i | X 
10. Limestone, dit gray, cherty, with a, 
few corals and brachiopods. Much small 
fragmentary fossil material enor in 


the chert 2o hi ER HERPES os COUPE ';84/—0" 2451-90” 
9. Limestone, dolomitic, gray, sandy. ' Bot- l 
tom of very siliceous dolomitic limestone . 2-0” 24530 


‘ Sylvania sandstone 
8. Sandstone, gray to white. A little cal- 
 càreous material in the lower part. 
Stylolite at the base and contact sharp 4-8"  , 245T'-8" 


Silurian 
Bass Island dolomites (20 to 40% MgCO) 
7. Limestone, dolomitic, gray, with numerous 
small but conspicuous crystal faces 
showing. Sharp contact at the base. . 

Fragments of fossils common ......... 107-07 2467'-8” 

- 6. Limestone, dolomitic, gray. to dark gray, 
compact. Stylolites common in upper 


part. No fossils observed’............ 24-8"  ' ' 24994" 
b. Limestone, dolomitic, dark gray, compact. ; 
; No fossils found .................. ss. |o Br 2495'-07 


4. Limestone, dolomitic, dark gray, com- 
pact. No fossils observed. This extends ET 
to the bottom of the dolomitic limestone , 25-0" 2520'—0" 
8. Dolomite, gray to dark gray, no fossils 
reported. (Analyses show over 4090: | 
MECO A B1-0r .— 2551-0" 
Salina formation A : 
2. Gypsum and gypsiferous shales. (Analy- : 
ses show 50% CaSQ,) ................ 200-0" - 2151'-0* 
1. Salt with interbedded gray shale dnd staly 
ESTONIA «uos xe E X ewes na 100-0” 2851'-0" 


V 
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KEY HORIZONS. 


An examination of: this section shows several ‘fairly con-- + 
spicuous horizons rather easily recognized at once in both the ` 
shafts and the cores. ‘These are the base of the Sharon.con- 
glomerate, the Bedford-Sunbury contact or horizon of the 


- Berea grit, the contact between the Devonian limestones and 


the overlying Devonian shales, the top of the Sylvanian sand- 
stone, tbe top of the gypsum beds and the first salt bed struck 
in the downward penetration of the drill. Of all these, the one 
that nobody could miss is the top of the Devonian limestone 
or the horizon at which the thick Devonian shales abruptly give 
place to the limestones below, (See Pl. 1, Fig. 8). 

The Pennsylvanian, Mississippian, and Upper Devonian 
formations penetrated may be passed over lightly. They all 


crop out in the vicinity or along the Cuyahoga River not far 


distant. Their characteristics are therefore well known or can 
be checked readily and have been thoroughly covered by others. 
However, a few features may be pointed out in passing. 
Mississippian: The Cuyahoga formation is somewhat thicker 
than in the Independence region near Cleveland and apparently 


met: composed of the same three members recognized by Cushing 


+» and Leverett. The Sunbury shale is present and can be par- 


tially separated from the lowest member (Orangeville) of the 
Cuyahoga formation. Although its thickness is somewhat 
doubtful, the basal layers of the Sunbury are typical of the 


‘formation and carry a fauna quite similar to that found in 


these beds at the type locality. The contact at the base of the 
Sunbury is sharp and very marked. The change is from a 
fine gray sandstone to a fossiliferous gray black shale. The 


= surface of the fine sandstone is uneven. Pyrite nodules, includ- 


ing much sand, occur &t the contact and are punched up into 
the shale as stylolitic pillars showing blackened striated slip 
sides. The dark shale immediately above the contact carries 
fish scales, conodonts, Lingula melie, Sporangites sp., etc. 
together with some fine grains of sand and finely divided pyrite. 
The sand below the contact is very fine grained, is mottled 
dark gray color, and the grains are held together chiefly by 
clay filling the intergranular spaces. The contact or discon- 
formity just discussed is that commonly occurring in northern 
Ohio, at the top of the Bedford except that in this case the 
Berea is absent and the arenaceous beds below it are part 


of the sandy layers commonly found in the upper part of the 
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Bedford along the Cuyahoga River and its tributaries as else- 
where in northern Ohio. 

, Huron—Chagrin-Cleveland shales. Below the Bédford- Sun- 
bury contact there is nearly 1,700 feet of gray to dark gray, 
brown and black shales that may be separated into formations 
with difficulty, and it is doubtful whether one is able to draw 
the boundary lines through them with any degree of accuracy. 
This results from the ease with which the Chagrin grades into 
both the Cleveland and the Huron shales.” In. fact Doctor 
Prosser regarded the Cleveland as but a western phase of the 
Chagrin beds and much of the Huron likewise. The condi- 
tion is further aggravated by a very similar relationship exist- 
ing between the Cleveland and overlying Bedford shales. 
Doctor Girty* regarded the Bedford as inseparable from the 
other shales of Upper Devonian age, and the disconformity at 
the base of the Berea, which in the case of the mine section 
.would be the Bedford-Sunbury contact, as the top of the 
Devonian. This is the Berea horizon as it is known through- ~ 
out: the state of Ohio and the panton of a widespread dis- 
conformity. 

Of the thick mass of shales occurring below the Berea horizon, 
the upper 55 feet consisting of gray-shales carrying thin beds 
of fine grained sandstone in the upper part and getting darker 
gray towards the bottom, are somewhat set off from the beds 
below. This is doubtless the Bedford shale. It rests on 60 feet. 
of:black to dark gray slaty shale representing the Cleveland 
perhaps with a portion of the Olmsted phase developed. 

The division between the Huron and Chagrin is not so easily 
suggested, but if the thin sandy beds with interbedded gray 
shales and the more argillaceous gray shales accompanying 
them be included in the Chagrin, the formation contains about 
560 feet of such beds and the Huron shale below it about 990 
feet of brown to. black shale often banded with gray. It is 


the Huron that carries the large spherical concretions found in ': 


the mine shaft and that are commonly known along the Huron 
River farther west m the State. 

Hamilton (Olentangy) shale. The 112 feet of blue-gray and 
brown or black shale forming the lower part of the shales in 
the shafts and in the drill cores, probably belong to the Ham- 
ilton. Fossils are not very abundant and the species are few, 
but such as occur-in it are consistent with that assignment. 
Whether it is the Olentangy shale or some other part of the 
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„Devonian section, is quite a different matter. It is rather 
firm shale and apparently lacks the argillaceous limestone 
layers and discoidal concretions characteristic of.that forma- 
tion in the bluffs of the Olentangy‘ River at Delaware and 
fairly common in the shales along Plum Creek south of San- 
dusky. An especially disappointing feature of this portion - 
of the section under discussion is the absence of the Centerfield 
limestone, the New York member of the Hamilton presumably 
showing up in the Sandusky region £s the Prout limestone and 
across the lake in Ontario as the Hungry Hollow. Even its 
fauna was not found, although it is probably not.safe to con- 
clude that such fauna is entirely absent. It did not seem: 
desirable to break up the cores as much as would be necessary 
to make a thorough search for such limited faunas in the shale, 
and that privilege was not requested. From the physical stand- 
point, however, it may be said that the shales below the probable 
Centerfield horizon whether they be called Arkona or Olentangy, 
bear no close resemblance to the shales of similar horizon in 
southwestern Ontario, the Sandusky region of Ohio, or the 
type section of the Olentangy in central Ohio. Except that 
these shales do carry a few fossils, they could. readily be 
included. with the Huron shales above, which are markedly 
similar and often identical in appearance. Even the brown 
shale at the bottom which marks the contact with the Middle 
` Devonian limestones is not unlike beds in the Huron shale in 
this same section. Doctor Prosser’s account of the samples 
just above the limestone in the Columbia Chemical Division’s 
Salt Well No. 11 at the Soda-ash plant in Barberton leads one 
to expect just such rock. In fact his last description is that 
of a sample of “rather totigh black shale with brown aie 
probably taken near the contact with'the limestone. 

"The most abundant fossils of this lowest shale’ — 
species of Sporangites, Styltolina fissurella, Tentaculites gracil- 
listriatus, Leiorhynchus sp., and various conodonts which were 
not sufficiently complete in the specimens found for specific 
' identification. Most of this fauna was found in the brown shale 
' band of the lower part and might equally be Marcellus or Ham- ` 

álton. This great thickness of black, brown and dark gray 
shales has been regarded as the source rock for oil and gas 
of certain pools farther to the east in the state. Forty to 
fifty miles to the north and west of Barberton where these ` 
shales crop out local shallow gas wells, supplying sufficient 
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. quantity E lighting and heating 8. A 'house,- — in the 
, Huron shale. In fact a recently broken piece of the shale from 


most any outcrop along the lake west of Cleveland, or stili 
farther west along the Huron’ River, will give a' strong petro- 


* leum odor. Distillation experiments ‘have shown, this. shale 


to:be a valuable potential source of petroleum products. It is 
not surprising, therefore; that strong flows of gas were encoun- 
tered at several horizons in the shale.and that oil léaks out of 


. the limestone at the contact with the shale. , These same Devo- 


nian limestones are the producing beds of the oil wells at . 
Petrolia, Ontario, and they are capped by the Huron shale. — 

Delaware limestone.—Probably the greatest interest in this 
section centers around’ the limestones and particularly that 
one being mined as-a high calcium rock. The upper five feet 


. of limestone plus an inch or two of shale is used as the mine 
` roof. These limestone beds carry a fauna-which distinctly 


separates them from the beds below and relates them to the 


lower part of the Silica shale” in northwestern Ohio or to’ the 
Sellersburg beds of the Speed quarries in southern Indiana. 


Doctor Cooper éorrelates the lower pert of; the Silica ‘shale 
with the upper part of the Delaware limestone and the corre-. 


sponding part of the Marcellus shalé. On the suggestion thus 


made, the limestone forming the mine roof is, designated the 
Delaware limestone although: some of the more typical species 


.— (Delthyris consobrina and Martinia maiay of the Délaware 


its fauna includes the following species: 


limestone fauna appear to be entirely lacking in it and the 
physical composition ‘of the beds ‘does not even resemble the 
formation as it crops out and i 18 quienes at the type: section 
in Delaware, Ohio. ` 

These upper beds of limestone are edi by thin argil- 


“laceous films, shaly partings, arid stylolitic bedding planes that 


suggest, interrupted deposition. The inch or two of shale that 
forms the basal portion of the Delaware and taken advantage 
of.by the engineer as the parting between roof and miné, is 


. dark gray, pyrite bearing and with blackened upper surface: 


It incorporates: fossils and chunks or nodules of the calcareous 
mud that. are horizontally. elongate as if squeezed during the. 
process of lithification. (See Pl. 1, Fig. 4.) The type of , 
accumulation along this thin zone suggests slow if not inter- 
rupted sedimentation and seems to mark a break of some 
importance between the somewhat different faunae. This upper 
limestone labeled Delaware is not abundantly fossiliferous, but 
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Favosites turbinatus Billings | 

— Heliophyllim halli Edwards and Haime 
Euntoites sp. , 
Lumbriconereites sp. 
Nereidavus sp. 
Airypa reticularis ( Linneaus) 
Chonetes coronatus? Conrad 
Spirifer (Paraspirifer) bownockeri Stewart 
- Spirifer mucronatus? Conrad i 
Spirifer S Hall 
Spirifer sp. . 
Stropheodonta concava Hall 


- 


ll While the identity of some of these forms is probable b but 
not certain, Spirifer (Paraspirifer) bownockeri is unques- 


.tionable. The specimen was sliced through by the diamond. 


. drill and then halved by the core splitter, but the remnant is 
¿still sufficient. to identify it. The fragment fits on the 


SI brachial valves of this species, shows the side of the prominent ^ 
^ acute mesial fold and the six bifurcating costae adjacent.’ 
The surface also shows a suggestion of the evenly arranged ; 
minute granules characteristic of the species. James’ Hall 


undoubtedly had this species from the Hamilton.of various 
‘localities in Madison County, New York, and may even have 
Had.it from the Sellersburg beds of southern Indiana where 


excellent specimens occur in those beds at the Speed quarries. 


Hall, however, included it in Spirifer acuminatus, a smaller 
and less advanced form characteris-ic of the Onondaga. The 
horizon of the Barberton specimen of Sp. bownockeri is def- 
initely fixed at 2814 inches below the top of the limestone in 
test hole No. 3. The rocks carrying this species and its 
— forms appear to belong in the Hamilton group and 
may be Marcellus in age. The interrupted sedimentation sug- 
gested by the bottom part'of this thin division is at or very 


Plate 1 (‘Two-thirds Natural: Sine). 


«> Figures 1 and 2. Drill cores from the Vasstone 852 feet below the sur- 


,face near St. Thomas, Ontario. The rock in the drill cores below the 


Í s ‘Columbia Chemical Division Mine shows similar irregular shaly film part- 


ES ¿sings and may be the same horizon. 

Fig. 8. Drill core showing Devonian Limestone-Black Shale contact ín 
test hole No. 8 on the south shore of Lake Dorotby, Barberton, Ohlo. 
The limestone also shows stylolite. 

Fig. 4. A sawed section of the shaly parting at the base of the Dela- 
ware limestone or between mine roof and mine in shaft No. 1. 
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near the contact with the beds carrying a distinctly Onondaga ' 
fauna and probebly limits definitely the line between: Ulsterian 
and Erian formations. - 

Regardless of the cherty nodules and shaly par tings, this 
rock ranks'as a: high calcium limestone averaging about 90 
per cent CaCO, in a foot by foot analysis. Gas and oil 
escape from these beds and the latter seeps through the roof 
into the mine at several places in sufficient quantity to produce 
patches of brown stain. 

Columbus (Onondaga) limestone. Beginning with the top of 
the mine and extending downward through about 220 feet are 
hmestones of various degrees of purity which belong to the 
Columbus limestone. The 46 feet being mined is the upper part 
of that limestone and carries a fauna almost identical with that 
occurring in the limestone at the type section along the Scioto 
River at Columbus, Ohio. It is a gray to bluish gray partly 
crystalline limestone in medium to rather thick beds and having 
horizontal strings or layers of chert nodules at various hori- 
zons. These cherty layers are more abundant in the upper 
part of the mine although they-influence the chemical com- 
position of the rock throughout (See Table 1.) Including the 


TABLE 1. 

Depth below Ignition 
Shale contact CaCo, MgCO, Sid, RO, loss 
Fto Y 89.68 2.15 5.82 0.70 0.66 
5’ to 10 84.56 2.81 11.26 0.91 0.57 
10° to 18’ 90.15 2.20 ,5.88 0.70 0,84 
15’ to 20° 88.90 . 2.42 14,45 . 0.85 0.40 
20' to 25° 85.68 8.18 10.85 0.80 0.00 
25° to 80" 88.71 8.67 6.58 1.09 0.88 
30’ to 85' 91.47 3.14 4,42 0.91 0.80 
B5’ to 40° 88.88 8.54 6.08 1.61 0.00 
4 to 45’ 88.35 5.038, 4.46 145 081 


Table showing the average composition of the Columbus limestone in the 
mine. The high silica content of certain zones. is due to chert nodules. 
These separate out in the parag process. 


cherty layers the average is. about 87 per cent CaCO, although 
when these are excluded, the average rises to 94 per cent CaCO, 
or better. Below the mine floor the silica content of the lime- 
stone shows a marked increase. As in the Delaware, so in the 
- Columbus limestone there are numerous irregular shaly films, 
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dal: wavy pantinge (f See Pl. 1, Figs. 1 and. 2), and at lobis 


| * surfaces, that suggest interrupted sedimentation , ‘and subse- 


| quent compaction. The stylolités, some with. highly polished 
¿and blackened striated sides, have dull black ehds and show 


P. 7 pillars several inches long. From this generous size nearly 


all gradations. to tke incipient stage, scarcely distinguishable , 
"fróm the carbonaceous films.and shaly partings may’be found: `. 


"material with blackened upper surface and shell fragments 
suggesting the halting mentor duri ing the development 


of under sea disconformity.'? Conditions of similar purport | 


were prevalent over, Minnesota end ‘Wisconsin during the 
Middle Ordovician,' and. suggest interesting problems in 'sedi- 
mentation. 


.: The following fauna was collected from the limestone being l 

— from the mine, Some of this rock may have been 
( por out of the pits below the mine floor, but its, physical 
characters indicate that most of it came from the portion 


constituting the main part of the mine. Most of the species 
are common, but not abundant and many of them may be seen 


in the core of Test No. 8 at the mine level. "x l i 


Stromatoporella ip. 
Diphyphyilum archiaci Billings - 
Diphyphyllum simcoense (Billings) 
Favosites emmonsi Rominger . 
Favosites epidermatus Rominger x ug 7 
. Favosites goldfussi d’Orbigny — | a 
. Favosites hemisphericus (Troost) , 
^. Favorites turbinatus (Billings) 
Favosites sp. 
Syringopora sp. 
Zaphrentis corniculum Edwards and Haime | 
Zaphrentis gigantea Lesueur >` 
Zaphrentis prolifica Billings 
Zaphrentis sp. 
Arabellites sp. 
Lumbriconereties sp. 
. Crinoid stems ! 
Fenestella sp. - IS E 
Athyris fultonensis? (Swallow) 
7 Atrypa reticularis (Linnaeus) ` 
Atrypa spinosa Hall 
_Camarotoechia carolina Hell 


es “Some ‘of the more conspicuous partings carry argillaceous b wd 
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: Camarotocchia iethgs (Billings) aes ri EME 
Camaroióechia Sp. 5. ev ES E "ge cm Ho c MR 
Chonetés hemispherióus Hall: EP S 
Chonetes mucronatus Hall ^ `. F 
Delthyris raricbsta nta l 


Eunella sp. p un | : derat 
Leptaena rhomboidalis (Wilckens) E Se 


Leptostrophia perplana (Conrad) . 
Reticularia fimbriata (Conrad) 
Rhipidonella vanuzemi Hall 

^ Schizophoria propinque Hall 
Spirifer duodenarius (Hall) 
Spirifer gregarius Clapp S 
Spirifer ap. i 

' Stropheodonta concava Hall 
Stropheodonta demissa (Conrad) 
Stropheodonta hemispherica Hali . mE 
Stropheodonta inequiradiata Hall ` ` 2 
Stropheodonta sp. . 
Strophonella ampla Hall 0174 
Conocardium cuneus (Conrad) eo 


Limoptera pauperata Hall 


7 — Pierinea flabellum (Conrad) 
— Callonema lichas (Hall) - ` 


Euomphalus decewi Billings ol É 
Loxonema sp. | . 
Dalmanites (Coronura) — Conrad 

Dalmanites sp. 

Lichas (Terataspis) grandis? Hal 

— Proetus sp. 

Fish teeth 


Although the Columbus or Onondaga fauna continues below 
the floor of the mine, the limestone becomes much more sili- 


ceous (20 per cent to 30 per.cent : SiO) through the next 116 


feet and the importance of the corals in the fauna increases. 


Finally the corals (Diphyphyllum, Favosites, Michelinia, Zaph- 


reniis, etc.) constitute the most conspicuous fossils in the 
cherty and silicified material of the drill cores and the lower 


53 feet; presumably still Columbus (Onondaga), is a very sih- l 


ceous (50 per cent to 60 per cent 8104) dolomitic limestone. 
Lucas dolomite (Upper Monroe formation). Still lower 


there are 86 feet of very similar siliceous dolomitic limestone 
in which the fauna is poor and rather scarce, but consists of 
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— with occasional fragments. of ‘Prachiopads: "These 
_ siliceous rocks just described -are the only beds that might be: ' 
` separated in any way from the limestones above that are 
definitely Columbas. But the relazionship of the fauna in the 
lower 36 feet 1s still open to question. Doctor Prosser pro- 
posed the name Lucas limestone * for the upper member of i 
the Monroe formation in northwestern Ohio. In discussing it 
he said “It includes all the rocks between. the top of the 
Sylvania sandstone and the base of the Columbus Jimestone or ' 
the base of the formation which Doctor Lane in Michigan has 
` named the Dundee limestone." Doctor Prosser used the 


.' name Lucas! in, the descriptions cf the Kenmore and Barber- ' . 
tóm salt wells and omitted it ‘in the Akron ‘well although m 


the latter case he did not separate either the Lucas or the 
Monroe from the Devoman limestones. It may be that he 
included those names only to show their Approzimete position 
‘above the Sylvania sandstone. 

In the Cleveland region Docto> Cushing’ apparently did 
separate the Columbus and the Lucas on the basis of chemical ^ 
composition and applied the latter to the lower 200 feet of ` 
dolomitic layers i on a 350 foot deposit of limestone and dolò- ` 
mitic beds lying between the base of the Devonian shales and 
'the top of the Sylvania sandstone in the wells of that locality. : 


| « However, he states that the Lucas dolomite, resembles litho- 


logically the Bass Island dolomite. Both of these are des- 


_cribed as compact brown dolomitic hmestones which would * 


not be a suitable description for-much of the rock in the 
‘interval under discussion at Barberton. It is quite possible ` 


. that there are no rocks that should be called Lücas or Upper 


Monroe in the Barberton section and that the name Colum- 
bus limestone or its New York equivalent, Onondaga lime- 
stone, should be applied to the rocks.down to the Sylvania. 
But so much of the fauna in the drill cores from the lower 
100 to 150 feet here assigned to the Columbus limestone ` 
resembles that in the cores taken at 380 to 850 feet in wells . 
near St. Thomas, Ontario (See Pl 1, Figs. 1 and 2), and 


assigned to the Monroe, that it seems they and the rocks 
. below must be from that horizon, if not Columbus. | 


Sylvania sandstone. This formation is thin in the drill core 
from test hole No. 8 off the north line of the mine property. 
The Sylvania is sharply separated from the enclosing beds , . 
and is the level at which marked change in the type of sedi- * 


N 


i i 


mentation takes place, It is a closely fitted medium to fine 
grained tightly cemented sandstone. Since deposition, the 
grains have been partly reconstructed so that quartz crystals 
with well formed prisms capped by pyramids are evident 
throughout. and the rock is so well cemented that there is 
much fracture across the' grains when it 3s broken. 

— The base of the sandstone is slightly calcareous (dolomitic) 


as if mingled with sediment derived from the beds below, but : 


the contact is sharp and distinctly a disconformity. A small 
portion of the top shows a tendency to grade into the over- 
lying beds doubtless due to sMght reworking of the sand and 
suggesting that this'js but a remnant of a once greater thick- 
ness of sandstone. Even two miles distant at the No. 11 Salt 
Well, Doctor Prosser*® reports 80 feet of Sylvania while in 
Cleveland! the salt wells show fully 40 feet of the same sand. 
This so-called Sylvania may be a remnant of the Oriskany 
sandstone. 


SILURIAN. . 


Bass Island dolomites. Below the Sylvania sandstone the 
silica content of the dolomitic limestones drops to less than 
one-twentieth of that of the dolomites above the sandstone. 
These beds, variously referred to as the Bass Island series, are 
gray to dark gray compact dolomitic limestones which show 
sparkling cleavage faces on the fractured surfaces in the 
upper part where fossil fragments are common but become 
finer grained, darker and more dolomitic in the middle, then in 
' the lower part pass into beds of dolomite having 40 per cent 
or more MgCO,. All these limestones and dolomites in this 
section have been thoroughly analyzed by the Columbia Chem- 
ical Division and the results were available during this study. 
Salina formation. Gypsum (anhydrite) and gypsiferous 
shales -in which the CaSO, content makes up more than 50 
per cent of the formation in the upper part constitute the 
youngest Salina beds. These have a tota] thickness of about 
- 900 feet. The formation then passes downward into beds. of 
rock salt with interbedded shales and shaly dolomites. The cores 
from this part of the tests are not complete and the greatest 
depth drilled into the salt series is indicated at 100 feet. This 
probably carried the tests only into the third salt. There are a 
number of other salt beds in the region with the total thick- 
ness of rock salt exceeding 200 feet and the thickness of all 
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sediment in ihe Salina probably reaches 900 to 1 000 feet. 
Below that the dril would doubt ess pass into the Niagara 
limestone. 


SUMMARY. 


A vertical rock cut_of several thousand feet will expose an 
important geological section in any region. But one that 
starts in the Pennsylvanian and ends in the Silurian is super- 
lative especially when that one is largely an open shaft. The 
Barberton mine section is just thet and in a region of much 
‘stratigraphic interest besides. Among the important features 
of this section are the absence of the Berea sandstone, the 
quantity of gray shale included with and in part replacing 
the black shales of the Upper Devonian, the absence of the 
Hamilton limestone, and the shaly character of ~virtually 
the whole of the Hamilton group, the near absence of the 
Delaware limestone and its sharp contact with the shales . 
above, the excellence of the upper part and the high silica con- 
tent of the balance of the Columbus limestone, and finallv 
the thin. but firmly cemented Sylvania sandstone which is 
almost a quartzite. The most important of all these is prob- 
ably the 46 feet of limestone being mined.- Other horizons 
. are readily identifiable, but its fauna is that of the upper part 
of the Columbus limestone of central Ohio and furnished the 
key to the interpretation of the whole section.. 
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DISCUSSION. | 


CONWAY ON THE OCEAN: AN APPRECIATION AND A 
CRITICISM. 


Two papers! by Prof. E. J. Conway of the — of Bio- 
chemistry, University College, Dublin, relating to the geochemistry 
of the ocean, have recently appeared. A third member of the series, 
considering physiological inrplicatións, is promised, but since dis-. 
cussion of the geochemical aspects of the matter is evidently com- 
pleted in the first two papers, it seems desirable to call the attention 
of American geologists, geochemists, Liologists and paleontologists 
to the series, for Conway's papers are certainly of great importance , 
and deserve wide consideration. Although it is necessary to criti- ` 
cize some of his detailed conclusions at a later stage of the present 
note, the writer wishes to emphasize taat few contributions to bio- 
geochemical theory have pee as strongly to him as these 
remarkable works. 

The first paper is a —— one, considering the geochemical 
data needed in the second, or principal, contribution. "The initial 
treatment of the composition of rocks mainly. follows well-known 
‘authorities, A new unit, the geogramre (Gg.) equal to 10% gm. is 
found convenient and is used throughout. The first important 
. original work is introduced into the consideration of river waters. 
Here the analyses collected by Clarke in the Data of Geochemistry 
are arranged in groups according to the total salinity, and for each 
group the median values of the concentrations of the commoner ions 
are determined and plotted against total salinity. The results indi- 
cate rapid rises in carbonate, calcium end magnesium until limiting : 
concentrations are reached, sulphate increases with salinity through- 
out, while sodium anc silicate at first increase, then decrease and 
later increase again; potassium and chloride appear to increase 
throughout, but with a greatly diminished rate in the intermediate 
part of the range. Up to a salinity of 50 p.p.m. the drainage is 
considered to be frem igneous rock, ir the intermediate range the 
drainage is from sedimentary rock, and in the highest range, pollu- 
tion, salt beds and drainage of semi-arid plains produce an increase 
' in alkali cations anc chloride. This presentation of the nature of 
the chemical variatian in inland waters is the clearest known to the 
writer, and is strongly recommended to the attention of aquatic. 
. biologista. 

For the purpose o2 Conway's discussion, the main results dianed 
. | Conway, E. J.: 1942. Mean geochemical data tn relation to oceanio 
evolution. Proc. Roy. Irish Acad. Sect. B. 48: 119-159, 

———: 1948. The chemical evolution of the ocean. Ibid. Sect. B. 48: 
161-212, ` ee a RE — | 
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are the relative proportions of common ions im water draining. sedi- 
mentary and igneous areas. Conway -proceeds to a consideration 
of the composition of rain water. The treatment.is primarily under- 
taken to ascertain how much of the solutes of river water are not 
derived from rock. The chlorine delivered from the sea to unpol- 
luted surface waters is considered on the basis of isochlor maps for 
New England published by Jackson.? A theory is advanced, ana- 
lysing these maps in terms of virtual diffusion, but it is.shown that 
to obtain a good fit: two independent diffusion processes must be 
postulated, so that at any distance z from the coast, c the concen- 
tration of chloride is given by: | 


c=5.7 e 9.0595. 0,55 e—9.088s 


Integrating between z—O0 and z— ^, and multiplying by the length 
of coast line of the earth and the total rainfall, the total cyclical 
.chloridé deposited in unit time is obtained as 0.69 Gg. per million 
years. This type of argument is probably adequate to discover the 
. order of'magnitude of the parameter required, but it is uncertain 
if the mathematical analysis indicates anything as to the nature of 
the mechanism involved; no claim that the dual diffusion system is: 
other than a mathematical fiction would in fact appear to be made. - 
It is found that, allowing for chloride derived from salt beds by 
human activity, and for the supposed amount liberated in the 
denudation of rocks, 85 per cent of the annual discharge is unac- 
counted for. It is supposed that the deficiency is primarily due 
to an underestimation of the chloride liberated from sediments, 
notably from salt beds. It seems more probable that part of the 
deficit is due to the limited data used in obtaining a value for the 
chloride precipitated in rain. To have accounted for 44 per cent 
of the estimated chloride of rivers by an empirical mathematical 
method applied to a short length of coast line, seems to the writer 
a remarkable achievement. Since the order of magnitude is correct, 
further work using more extensive data should provide a more 
accurate value. Meanwhile Conway is doubtless right in: assuming 
that 95 per cent of the chloride in water from igneous rocks, and 
all «the chloride in water from sedimentary rocks, is cyclical. No 
' bicarbonate is believed to be present in rain water. . The sulphate 
content of rain, however, introduces a serious complication, because 
in the interior of continents, even far from sources of contamination, 
the sulphate usually greatly exceeds the chloride. Since combus-, 
tion of fuel is quite inadequate to explain this, and since the amount 
in river water implies the presence of far more sulphate in the: 
ocean and the sediments than is actually found, it is certain that 


2 Jackson, D. D.: 1905. U. S. Geological Survey Water Supply Paper 
no. 144. l i . l 
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this sulphate is cyclical and of marine origin. In a final section 
appended to the peper, Conway suggests that it is formed from 
. H,S, which gas, generated from sulphates in marine muds, might 
diffuse into the atmosphere. It seems certain that the sulphate of 
rain must originally be present in a more volatile form than the 
chloride. For the purpose of correcticn of river water for cyclical 
Substances 89 per cant of the sulphate, transported independently 
of chloride, is consicered to be of marine origin. "The bases of sea 
water are distributed in their oceanic proportions with respect to 
chloride, and the sulpbate is balanced by bases in their proportions 
in sedimentary rocks. A mean igneous and mean sedimentary river 
water, free of cyclical salts, are thus o5tained by subtraction. 

The final problem cf the first paper consists in determining the 
relative losses of different substances from parent rock in one cycle 
. of erosion." Data obtained from eight analyses by G. P. Merrill? 
are first considered, leading to the belief that in the formation of 
the mean weathering product 60 per cent Ca, 51 per cent Mg, 85 
per cent K, 47 per cent Na and 84 per cent P are leached from” 
the parent material. These figurés are known to be very rough, 
though it seems poss:bie that further deta could have been obtained 
‘from: more modern sources. An indirect method of computation, 
of considerable interest, is therefore adopted. The analyses of 
thirty-nine shales given by F. W. Clarke* are considered and the 
ratios of the amounts of Na, K, Mg, Ca, P, Al, Si and Fe that are 
present, to the amounts expected from che composition of the aver- 
age igneous rock, are computed. A logarithmic histogram is then 
' constructed showing zhe frequency of the ratios. The modal ratios 
for K, Si, Al, and F2 represent no loss. The ratios for the other 
elements represent losses in every case. Moreover, the ratios for 
the first four elements are grouped normally about the mode, while 
for the other four elements there is mueh scatter and an indication 
of multimodal distribution. For sodium three modes are supposed 
to be present, corresponding to three cycles of erosion, at each of 
which 44 per cent of tke sodium is lost, in extraordinary agreement 
with the result derived from Merrill’s eight analyses. Taking the 
median values for P, Ca and Mg for each modal group of sodium 
contents (0:40-0.79 per cent, 1.00-1.59 per cent and 2.00-8.10 per 
cent Na), the losses per cycle for these elements are found to be 
P 89 per cent, Ca 6" per cent, Mg 20 per cent. The agreement 
for the first two elements is again remarkable, but for magnesium 
is poor. The scatter in Merrill’s analyses for magnesium loss is 
so great that no great agreement need be expected. In spite of 
the elegance of these results, some criticism is necessary. The 


* Treatise on Rocks, Rock Weathering and Soile. 1897. 
* U. S. Geological Survey. Bull. 228. 1904. 
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multimodality 'of the sodium bistogram is not clearly established, 
though this is not necessary to the argument if relative rates rather 
than quantity per cycle are all that are required. A more serious 
objection lies in the fact that if a regular pattern of the kind 


postulated exists, it is: obvious that late shales should contain less” 


sodium tlian do early shales. This is not borne out by the composites 
analysed by Clarke, for the Mesozoic composite contained 1.80 per 
cent Na,O, while the Palaeozoic composite contained 1.01 per cent 
Na,O. It is, however, possible that since most of geological time 
is pre-Cambrian,.no great difference can be expécted in two groups 
of sediments dating from after the opening of the Palaeozoic, It 
may be pointed out that Cambrian material is over-emphasized in 


Clarke’s series, leading to a probable reduction in the height of the - 


supposed mode representing the third cycle in Conway’s graph. 
Another difficulty concerns phosphorus. This element is said to 
‘behave in a way “somewhat resembling scdium in percentage losses 
and in relative reappearance in the shales.” It is, however, obvious 
that the mechanism of this behaviour is quite different in the two 
‘cases, and if the resemblances are real, it is because phosphorus 
may be deflected into the inaccessible sediments of the permanent 
oceanic basins,® while sodium remains in the ocean. Unfortunately 
comparison of Clarke’s and Vogt's? tables for the mean composition 


of primary rock shows an almost twofold discrepancy in the case ` 


of phosphorus. If Vogt's figure is preferable, as Goldschmidt’ 
believes, then phosphorus will resemble the more or less invariant 
elements Al, Si, Fe and K. This, however, will introduce uacer- 
tainty into the interpretation of the multimodality of the other 
histograms. Certain difficulties must therefore be overcome before 
Conway's method of treating the geochemistry of cycles of erosion 
can be accepted. As in other aspects of sedimentary geochemistry, 
very many more analyses are now needed. One of the great values 
of theoretical treatment of the kind that Conway has attempted, is 
to show what lines of laboratory study are likely to be profitable. 

Turning to his main problem, the changes in ionic concentration 
of the ocean, Conway points out, at the beginning of the second 
paper, that the variation in the two most important constituents of 
sea water, namely water and chlorine, must at present remain 
hypothetical. For both substances two extreme hypotheses can be 
entertained, namely that the substance was originally present at the 
surface of the earth, or that it has been added gradually from 
volcanic sources. Four extreme hypotheses must therefore be con- 
sidered: 

€ Kuenen, Ph. H.: 1941. Amer. Jour. Sci, 289: 161-190. 


* Vogt, J. H. L.: 1981. Norske Vid. Selsk. Skr. Oslo. Mat.-Natur. Kl. 
T Goldschmidt, V. M.: 1987. Norske Vid. Selsk. Skr. Oslo. Mat.-Natur. Kl. 
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a That the water is an initial atmospheric condensation, to which’ 
chloride has been added (constant volume-volcanic chloride). 

2. That both water and chloride are the result of initial conden- 
sation (constant volume-constant chloride). — 

8. That both components have appeared: gradually (volcanic 
ocean-volcanic chloride). 

4. That the chloride was present as metallic chloride at the 
'earth's surface and that volcanic water has been added (vol- 
canic ocean-constant chloride). . 

- The last hypothesis is considered the most. unlike] y? by Conway, 


'. and is little considered. It is, however, shown that after the pre- 


Cambrian, the evolution of the ocean will follow a course of essen- 
tially the same nature on this and on tie second hypothesis. The 
third hypothesis leads to results intermediate between those of the 
first and second. 'To'the present writer it seems the most likely 
of the four limiting possibilities, though it is doubtful if the extreme 


` form of any of the.postulates will ultimately prove acceptable. It 


is, therefore, rather unfortunate that the detailed sual yet is con- 
fined to the first two hypotheses. 

Having stated these postulates, Conway — to construct a: 
time scale. In his scale, the time intervals are measured in terms 
of thickness of sediments deposited, the sum of the maximum thick- 
nesses (s), supposedly proportional to mean thicknesses, from. the 
beginning of the Archaesn (s—O) to the present time (s=1), being 
taken as unity. Actua.ly the pre-Camtrian thicknesses are deter- 


mined by extrapolation. The sum of <hicknesses backward from 


today plotted against radioactive time-determinations gives a 
straight line on double logarithmic paper. : When this line is extra- 
polated to 1750109 years, a value of 1,180,000 feet for the sum 
of the maximum thicknesses is obtained. Actually it was found 
convenient to take 1,050,000 feet, from a free-hand curvilinear plot ' 


‘on ordinary graph paper, this corresponding to an initial rate of 


sedimentation of 0.6 feet per 1,000 years. This rate is less than 
at any other time in geological history, presumably because initially 


` there were only resistant primary rocks as source material Such 


a conclusion raises obvious objections, kut the very earliest stages 
may be of little quantitative importance, and the known Archaean 
sediments, with their thick varves, may be highly unrepresentative. 

The next problem considered is that of deducing simple equations 
relating the sodium delivered from a land surface in which the 


‘easily soluble sediments low in sodium are increasing in area, while 


the more resistant igneous rocks rich in sodium are decreasing. 


* Compare, however, White: 1942. Amer. Jour. Sci. 240: 714-724. A 
superficial deposit of dry metallic chloride might be the seen of the 
dust of high albedo in the aa ida of Verus. - 
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Two indame equations are derived, both agsuráing — 
variation, and ‘so smoothing orogenic: events. ‘The values. of the 
constants in the equations are derived from the first paper. The 
first equation represents the relation of concentration of sodium in 
the sea (co) to concentration in the — rock (c,).at any 


stage 8. 
. 1.10 f oxds 
i y = 9 - 
S - ers 
1.6 


The second — relates the variation of er the changing 
composition of the eroded rock, to s. 





_ (1.6 —0.88) (1— e288") 4.0.5 761-388 
[gg ume es 


The second equation is evaluated and integration of the first is then 
performed graphically. A series of values for the total sodium in 
the ocean at any value of s can thus be obtained. The derivation 
of the equation appears reasonable, provided no great detail over 
short periods of time is required. 

' Before proceeding it is necessary to examine the problem of the 
bicarbonate in the sea. Here again two hypotheses of origin must 
be considered, that the CO, was initially present in the atmosphere, 
.or that it was added praia Írom volcanoes. The possible con- 
tribution of an extraterrestrial source of carbon from meteorites is 
shown to be quantitatively negligible. If the CO, of the sediments 
and ocean was originally atmospheric, initially about 10 atmospheres 
must have been present. Assuming a continuous general rate of 
earbonate production, 0.6 atmosphere would attend the birth of 
the mammals in the Jurassic. It is argued that this is a quite 
impossible quantity in the atmosphere breathed by any animal 
organized like a modern mammal. 

In part following Poole,® it is suggésted that the great excess of 
fossil organic carbon in the sediments over the free and fossil oxygen 
is due to the combustion of volcanic methane which would increase 
the carbon and reduce the oxygen in the balance for the whole. 
biosphere. Volcanic hydrogen and CO may also be involved. The 
discussion of this phase of the problem is admirable and should do 
much to clarify thought on the history o2 the atmosphere. 

Conway now proceeds to a detailed consideration of the evolution 

- of an ocean of constant volume, receiving its anions from volcanic 
sources at a constant ráte. The sodium content is determined from | 


* Poole, J. H. J.: 1941. Sc. Proc. Roy. Dublin Soc. 22: 845-865. 
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the calculations. already discussed, and the volume being. postulated 
as identical with the modern ocean, the concentration of sodium can 
now be plotted. Having indicated the progressive rise of sodium, 
the history of potassium is next considered. It is well known that 
the potassium of the ocean does not accumulate but is largely 
removed in argillaceous sediments. Conway dismisses base exchange — 
adsorption on sedimenting clays as a quantitatively inadequate 
mechanism, and supposes that initially potassium accumulated like 
sodium. He postulates the cell to have originated somewhat after 
. the middle of the pre-Cambrian; the consequent rise of decomposi- . 
tion on the sea-bottom led to a biogeochemical removal of potassium 
. as glauconite. The excess chloride anions left in solution are con- 
sidered to have an porini t role in regulating the u and 
calcium balance. 

The magnesium, calcium and leal contents of the ocean are 
then considered, and are believed to be closely interrelated, the 
" alkaline earths being in apparent equilibrium with their carbonates, 
and calcium with its sulphate, in sediments. The detailed changes 
in concentration depend on the changes in the difference between 
alkalies and halides, and this difference depends in turn on the 
removal of potassium from the sediments. A rather elaborate treat- 
ment indicates that on tbe basis of constant volume and volcanic 
chloride, the concentrations of magnesium and calcium rose at first, 
then fell to à minimum when potassium fixation began and rose 
again rapidly about the beginning of the Cambrian. On the basis: 
of constant volume and. chloride, the initial excess chloride is sup- 
posed to have been largely balanced by calcium. The calcium is 
then believed to have fallen to a minimum when potassium was 
maximal, and then to have risen again, as on the basis of the first 
. hypothesis. The maxima and minima in magnesium occur at the 
same time on the basis cf the second hypothesis as on the first. On 
the third hypothesis an intermediate series of changes ‘may be 
expected. Little change in oceanic pH will occur throughout geo- 
logical time. 

Whatever hypothesis is considered, there j is no possibility of wide 
"divergence in relative composition between the Ordovician ocean and 
that of today. All hypotheses relating the cation content of verte- 
brate body fluids to such changes are therefore doomed to failure. 

It will be clear from the condensed summary that has been given 
above, that the detailed changes in all cations save sodium are con- 
sidered to be interdependent and to be controlled primarily by the 
‘removal of potassium. This general stetement is of great impor- 
tance, and to the present writer its acceptance appears inevitable. 
In view of the paramount significance of removal of potassium, 
Conway's postulate that the process startzd with the biogeochemical 
synthesis of glauconite in the middle pre-Cambrian must be sub- 
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jected to the closest scrutiny. The validity of the quantitative 
details of the changes in magnesium and calcium depends entirely 
on the correctness of such an hypothesis. Unfortunately. in this 
phase of his investigations, Conway has relied too much on the 
older iS literature, and his conclusions are suspect on all 
counts.. 

(1) The — ‘that biogeochemical processes began in the 
middle pre-Cambrian is arbitrary and unsupported by any objective 
evidence. Actually the meagre available indications suggest that 
such processes, producing both i carbon and sulphide, had 
already begun in the Archaean.** 

(2) The postulate that the potassium in shales is removed from 
the ocean biogeochemically as glauconite would imply that 20-80 
pet cent of the average shale consists of that mineral Actually 
the most important potassium-bearing secondary minerals of unmeta- 
morphosed shales are the-hydrous micas of moderate potassium con- 
tent known as illites. These may have some formal relationship 
to glauconite, but there is no evidence thai their genesis is biogeo- 
chemical. . 

(8) The meagre series of available analyses!? of Archaean argil- 
laceous sediments relatively free from undecomposed rock fragments 
are consistent with the uniformitarian view that potassium removal 
started as soon as an ocean developed. It appears, therefore, that 
the most probable hypothesis is that potassium has always been 
removed from the ocean at approximately the present rate. On the 
constant volume-volcanic halogen hypothesis, this implies a rise in 
calcium in the middle pre-Cambrian and a relative constant concen- 
tration thereafter; on the constant volume-constant halogen hypothe- 
sis, calcium would decline throughout geolcgical time. On an inter- 
mediate hypothesis as to chlorine, with some volcanic water, little if 
any change in calcium concentration need have occurred. Conway's 
graphs showing the course of calcium change, assuming constant 
removal of potassium, though intreduced merely to be rejected, may 
be the most interesting result of his studies. They naturally indicate 
no such increase of calcium at the opening of the fossil record, as 
would occur if potassium loss did not start until the middle pre- 
Cambrian. 

To settle this and cognate problems, very many more analyses of 
ancient argillaceous sediments are needed, as well as a far more 
intense study of the colloid mineralogy «of modern pelogenesis. It 
is worth noting that not only potassium, but rubidium, caesium and ' 
lithium are almost quantitatively removed from the ocean. The first 

10 Eskola, P.: 1982. Ann. Acad. Sel. Fenn. 86 (A): 1-70. | 

Pettijohn, F. J.: 1943. Bull. Geol. Soc. Amer. 54: 925-972. 


11 Grim, R. E.: 1942. J. Geol. 50: 255-2165. 
12 Eskola, P.: Lc, particularly analysis no. 7. 
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two elements presumably occur in an interstratal position, like potas- 
sium, while lithium probably enters octohedral positions, in the 
secondary clay 'minersls. Future stidies should include analyses 
of the rarer as well as the commoner alkalis and alkaline earths. | 
Determinations of selenium and of boron might also prove 
instructive. 


The importance of — 8 iio dics in his application: - 


of'a reasonable deductive method to marine geochemistry, in his 
* emphasis on the controlling effect of removal of potassium, and in 
disposing once and for all of the Lypothesis that the body fluids of 
homoiosmotic animals represent samples of sea water collected at the 
time’ when their body walls became impermeable to electrolytes. 
The weakness of Conway's results lies in the arbitrary assumptions 
introduced in treating the loss of potassium. If the testing of his 
. detailed conclusions leads to a renewed chemical study of the devel- 
opment of ancient marine’ sediments, his whole contribution will 
initiate a great advance in our knowledge of a difficult but fascinat- 
‘ing subject of great ee id the geochemist and to the 
—— 6. E. HUTCHINSON, 
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DISCUSSION! 
THE WALLOWA BATHOLITH 


In-the October (1948) issue of The American Journal. of Science, 
K. B. Krauskopf published a paper! on the Wallowa Batholith, and 
I was gratified to note his consideration of an attractive hypothesis 
of origin. A'paragraph on pagé 627 contains this statement: 


"The ultimate origin of the quartz-diorite is an elusive question to which 
data.at present avalable cannot provide an answer. Perhaps the bulk of 
the material rose as a silicate melt from far below, as batholiths are tra- 
ditionally supposed to Co; no conclusive evidence can be cited against 
such a view. Since the borders of the intrusive show good evidence for 
widespread granitization, a more attractive hypothesis would be formation 
of the quartz-diorite by metasomatic alteration cf metamorphic rock accom- 
panied by some movement of the mass as a viole essentially Goodspeed’s 
idea, modified to eliminate its chief difficulties." 


Krauskopf evidently believes that the “chief difficulties" are those 
relating to the formation of all the granodioritic rock by static 
metasomatism, and implies that the concep; that metasomatism may 
have been accompanied by plastic flow is new. But in one of my 
previous papers? which was not quoted by Krauskopf, I suggested 
flowage of metamorphosed material. The second paragraph of this 
article on page 899 is as follows: 


"There are several areas in the southeastern portion of the Wallowa 
Mountains of Oregon where by reason of steep glacial valleys jor extensive 
mine workings there are“excellent exposures of various kinds of metamorphic 
and plutonic rocks. Many of these field occurrences would suggest to the 
casual observer only the usual interpretation for the emplacement of the 
granodioritic masses, namely, injection "accompanied by piecemeal stoping, 
with a minor amount of assimilation. However, critical field data obtained 
by the writer during the past ten years and substantiated by the petro- 
graphic study of several thousand thin sections have forced him to abandon 
the simple magmatic hypothesis for a more complex one of metasomatic 
replacement. By this interpretation, most of the granodioritic masses in 
the vicinity of Cornucopia are considered to be the end products of progres- 
sive metamorphism. However, there are a few occurrences which suggest 
that, locally, the newly formed products of metamorphism were subjected 
to & mass movement of plastic low. Such newly formed magmatic materia! 
might be termed neomagma in contrast to hypomagmas of presumably deep- 
seated sources. In this region, numerous Tertiary basaltic dikes present 
excellent evidence of magmatic injection, and could, therefore, be termed 
orthomagmatic in origin.” 


1 Krauskopf, K. B.: 1948. The Wallowa Batholith. Amer. Jour. Science, 
Vol. 241, pp. 607-628. $ 

2 Goodspeed, G. E.: 1989. Pre-Tertiary metasomatic processes in the 
southeastern portion o^ the Wallowa mounteins of Oregon. Proc. Sixth 
Pacific Science Congress, pp. 399-422. 
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On page 417 of the same paper is this paragraph: 

“At a very few localities in this region there are drawn-out inclusions and 
schliern where the granodiorite intima-ely mixed with recrystallized hornfels 
has the appearance of complex flowage. The actual plastic flow of such a 
magma might be considered to be a nzomegma, and of metamorphic rather 
than of orthomagmatic origin. In some regions the amount of plastic flow 
of granite material may be large, but ir the vicinity of Cornucopia the 
‘evidence to date indicates that it was small. However, in this region there 
is much cogent evidence to the effect that metasomatic replacement played 
a most important role in the emplacement of large granodioritic masses.” 


"The concluding paragraph on page 421 is: 


"In this part of the Wallowa Mountairs, such evidence as the contact 
relations, and the presence of undisturbed relics of inclusions, suggest that 
grahitization.took place passively and without mass movement.. It might be 
,expected that in some regions recently granitised material might be sub- 
jected to plastic flow ard hence become a neomagma. : Granite and grano- 
diorite formed as a result of the injectior of neomagma would of course . 
show. those structures which are characteristic of flowage.” l 


Having recently had the opportunity to see some of the relatively. 
large laccoliths of th» Little Belt mountains of central Montana, 
I was impressed with evidence of orthomagmatic injection of these 
syenitic and granitic bodies in contrast to the plutonic masses in 
the southeastern portion of: the Wallowa mountains of Oregon. 
However, many of these Montana intrusive bodies are by no means 
simple, and I should hesitate to advance simplicity of composition 
and texture (as. Krauskopf does) as criteria against metasomatic 
, origin. . ; G. E. GOODSPEED. 
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“SCIENTIFIC INTELLIGENCE | 
dE Puxsics. 
Applied Nuclear Physics; by EnNEST Portin and Wma L. 
' DavipsoN, Jr. Pp. vii, 249; illustrated. - New York; 1942 (John 
Wiley & Sons, Inc.; .; $8.00).— This book as its title indicates is con- 
cerned principally with those nuclear phenomena and techniques 
which have applications outside óf research in nuclear physics, and 
in the words of the authors is intended to reach “the growing army 
of chemists, biologists, physicians, and engineers, who, though not 
necessarily versed in the language of physics, are using the products 
of nuclear physics to fnrther their ends in.their own splieres." 
That nuclear theory which is discussed is qualitative and is pre- 
‘sented simply to clarify the phenomena themselves, & viewpoint. 
which is entirely consistent with the purpose of the book. 
It is erroneous to neglect the value of the book to the ‘physicist, : 
for within its pages are compact and authoritative summaries of 
material otherwise only available in periodicals. There are conveni- . 
„ent lists of key referenced. (including short comments on the refer- ' 
' ences) at the end of each chapter, and appendices containing tables 
of stable nuclei, common 'radioelements, ‘absorption formulas and 
numerical values, as well as thirteen problems.. All of these latter ` 
' , features should make the book-valuable for an undergraduate course 
in nuclear physics, or for a reference. text in a modern physics 
course, or a course in radiology, to mention only a few possibilities 
for its use in teaching. 
A few introductory chapters are followed byceticniv: sections . 
on nuclear instruments, detectors and accelerators, these latter being 
— kept general enough to include. the possibility of any rapid develop- - 
ment in techniques. Thosé ‘instruments which are described in 
greater detail are just the instruments which have proved their 
extreme usefulness throughout a decade of rapid development in 
nuclear physics, a: guarantee against their Pome extinct in the - 
` immediate future. . d 
The chapters concerned with nuclear phenomena are well organ- 
ized. with handy tables for reference, and, as in the chapters on 
instruments, are profusely illustrated ‘with experimental curvés and 
diagrams: of sét-ups. Sections’ on, tracer experiments, biological 
effects of nuclear radiations, isotope separation, etc., make the book 
an excellent liaison agent. between , pliysies and its neighboring 
' Sciences. 
. “Applied Nuelear Physica” is a unique addition to the literature 
„of physics, for it is the first authoritative book to make’ generally 
“available a large body of knowledge which hitherto has been avail- 
able only to POP CANES and research workers. Tbe continually 
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widening applicability of nuclear phenomena and techniques accen- 
tuates the importance of this book.  * J. G. BECKERLEY. 


CHEMISTRY. 


The, — and Practice of Semimicro Qualitative Analysis; by 
G. B. Heisig. Pp. xiii, 881; 15° figs. 28 tables. Philadelphia, 
1943 (W. B. Saunders Company, $2 50).— This text is "designed 
for the use of students who have had a thorough course in general 
inorganic chemistry." The arrangement of the content is such that 
the book is readily adaptable to either a two semester or a one 
semester course. 


The first six chapters of the theorezical part review v and amplify . 


those principles of general chemistry >f direct importance to quali- 
tative analysis. The treatment of oxidation-reduction seems, rather 
brief, and is a part of a chapter which includes also complex ions 
and the colloidal condition. This chapter follows one on the Appli- 
cation of the Law of Mass Action to Saturated Solutions and pre- 


cedes a chapter on Hydrogen Sultide as a Precipitating Agent and. 


the Solution of Sulfides, thereby breaking the continuity of the 
development of solution theory. Otherwise the discussion of theo- 
retical principles is well organized. In his applications of the law 
of mass action in these chapters the author uses only the ionic con- 
centrations; then in tae seventh ard final chapter of this section he 
takes up the use of the activity concept in detail. Thus those who 
like to defer the application of this concept will probably find that 
this treatment fits well with their procedure. Each chapter ends 
with an extensive set of well;chosen questions and problems. 

In the experimental part standard procedures are given for the 
separation and identification of twenty-four cations and an equal 
number of anions. The pressure-bulk technique is used for filtra- 
tions. Although directions are given for centrifuging and subse- 
quent treatment, the student who employs this method is likely to 
encounter diffieulty because of lack of details. In the descriptive 
sections, the preliminsry experiments, and questions at the end of 
each analytical group there is ample material for the development 
and extension of the student's knowledge about the properties of 
ions. HAROLD G, DIETRICH. 

GEOLOGY. 

African Handbook: 2. The Mineral Resources of Africa; by 
A. Winuiams Poster. Pp. v, 105; 19 figs. Philadelphia, 1948 
(University of Pennsylvania Press, $1.50).—In this book are given 
brief accounts of the mineral resources 5f Africa by countries. Pro- 
duction and reserves gre the matters chiefly presented, practically 
all geologic informaticn being omitzed. It would have been helpful 


if, instead of & very generalized bibliography at the end of the 


- 
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pamphlet, the s sources from which the items of information for the 
various countries, have been obtained were specifically given. 
ADOLPH KNOPF. 


World Minerals aud World Peace; by C. K. Lerrn, J. W. 
Furness, and Creona Lewis. Pp. xii, 258; 24 charts and maps. 
Washington, D. C., 1948 (The Brookings [nstitution, $2.50).—This 
small meaty volume presents a subject of very great importance. 
It deals with the world’s raw^mineral supplies and their bearing 
on international relations in war and peace. It analyzes the occur- 
rence of mineral resources throughout the world, showing that they 
are very unequally distributed among the nations. Although changes 
are continuously being brought about by new discoveries and tech- 
nologic advances, the authors regard it £s probable that no very 
great shifts in the geography of mineral production will occur in 
the future. As no nation, even the most richly endowed, is self- 
sufficient, and as mineral resources "can not be legislated into exist- 
ence," the interdependence of the nations on one another will con-. 
tinue as it has in the past. A timely, vigorous, and authoritative 
presentation, it can be ——— for wide reading. 

ADOLPH KNOPF. 


Eruptive Rocks, Their Genesis, Composition, and Classification, 
with a Chapter on Meteorites; by S. James Suanp. Second edition. 
Pp. xvi, 444; 47 fige. New York, 1948 (John Wiley and Sons, 
Inc., $5.00).—Eruptive Rocks was first published in 1927, and the 
second edition now appearing in revised enlarged form is a welcome 
event. The new edition has been thoroughly brought up to date. 
The first ten chapters are a vigorous and stimulating presentation 
of fundamental principles. In places it is easy to see that Professor 
Shand strongly dislikes certain things: “magmatic differentiation," 
he says, “is a doubly unhappy expression." The remainder of the 
book deals mainly with the system of pe-rography devised by the ' 
author. According to the Shand classification, igneous rocks, or 
eruptive rocks as the author definitely prefers to call them, are 
divided into three classes: I, the oversaturated (rocks that contain 
primary free silica, generally quartz); II, the saturated, containing 
no free silica; and III, the undersaturated, consisting wholly or in 
part of unsaturated minerals (chiefly orthosilicates). These classes 
are further subdivided according to the relation between molecular 
alumina and the alkalis into peraluminous, metaluminous, subalumi- 
nous, and peralkaline rocks. The typical granodiorite of the classic 
Marysville stock, Montana, is for example according td this scheme 
a metaluminous tonalite. This classification cannot be said yet to 
enjoy wide acceptance. | - 

The final chapter gives an excellent: account of meteorites and 
shows how this knowledge bears on the interpretation of the pre- 
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geologic history of the Eartb. The volume can be highly recom- 
- mended for use by more advanced students. ADOLPH KNOPF. 


4, Dolomites ‘and Limestones of Western Ohio; by WILBEs STOUT. 
¿Geol. Survey of Ohio, 4th ser., Brll. 42. 468 pages. ' Columbus, 
1941.— This report gives a large amount - of factual data on the 
geology and composition of the carbonate rocks of western: Ohio. 
The dolomites, comprising more than 60 per cent of the stratigraphic 
column, are thought, on good supporting evidence, to be direct 
‘marine precipitates, deposited in shallow water. A notable feature 
‘of the report, to which attention is hers directed, is the very large 
number of detailed chemical analyses of dolomites and limestones 
(analyst, Downs Schaat) » in which form 19 to 21 constituents have 
been determined. ae ADOLPH KNOPF. 


Report No. 34 Research Council of Alberta.. Geology; by Joun | 
A. Artan. Pp. 202. Edmonton, Alberta, 1948.  $1.50.— This 
report is in five parts; they can be obtained separately. Part I— 
General geology of Alberta—is a ecndensed account of the geology 

` of the province, whose rocks range in age from Precambrian to early 
Cenozoic. It is intended as an explanatory text for the recently 
issued new geologicalmap of Alberta cn the scale of 1 inch to 16 
miles and printed in 82 colors. To mske the present report more 
easily understandable it is accompaniec by'a black-and-white geo- 
logic map on the scale of 1' inch to 8£ miles. Part II gives an 
account of the discovery by diamonc drilling of a large salt deposit 
of high quality 200 feet thick in strata probably of late Silurian 
age. Part III déals with the geology of Alberta soils; Part IV 
describes a relief model of Alberta and its geological application; 
and Part V gives an account of the coal-bearing areas of Alberta. 
Coal occurs in three formations of the Cretacgous—Kootenay, Belly 
River, and Edmonton, and ranges in rank from subbituminous C to 
low volatile bituminous. Part V is accompanied by a map showing, * 
on the scale of 1 inch to 20 miles, the distribution of the coal areas 
of the province. ADOLPH KNOPF. 
i Pitsowtososs: l : 

[The Keilor skull and the Antiquity cf Man in Australia.] The 
Problem of Antiquity .of Man in Ausiralia; by D. J. MAHONY. 
Mem. Nat. Mus. Melbourne, No. 18. Pp. 7-56, pls. 1-8, 1948. 
The Keilor Skull: Anatomical Descriotioa; by J. WunveriY.* Ibid:, 
pp. 57-70, pls. 4-9. The Keilor Fossi Skull: Palate and Upper 
Dental Arch; by Ww. Apam. Ibid., pp. 71-77, pls. 10-11. The 
Keilor Fossil Skull: Geologic Evidence of Antiquity; by D. J. 
Manony. Ibid. pp. 79-81.—In 1340 a fossil human skull' was 
found at a depth of 18 feet in undisturbed terrace gravel near the 
village of Keilor and about 10 miles northwest of Melbourne, , ' 

' Australia. Later, another skull, fragments of limb bones, and a. 
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crude chipped flint implement were found in the same layer. These 


remains are the subject of four closely related papers. ` 

The first skull, here described, is almost complete, but the lower 
jaw is lacking. It represents a middle-aged male and ‘combines 
Tasmanoid (negritoid) and Australoid characters in about equal 
proportions. It clearly belongs to the species Homo sapiens. 
~ The surface of the terrace at Keilor is 108 feet above sea level 
and 45 feet above the bed of the adj acent stream. Doctor Mahony 
infers that the terrace corresponds to a former stand of the sea 


during the last interglacial age, but evidence for such antiquity is | 


neither fully nor convincingly stated. The Keilor terrace, like two 
lower ones in the same valley, can be followed with a distinct. gra- 
dient down stream until, where last observed, near Ascot Vale Gap, 
the Keilor terrace is only 60 feet above sea level It appears, 
therefore, to be a normal stream terrace and its relation to any 


previous sea level is not evident from the data given. In view of - 


the modern character of the skull and the lack of more convincing 
evidence of the Pleistocene age, we must, await with interest a 
. further contribution by Dr. R. A. Keble and Miss Hope Macpherson 
who carried out the field work in connection with the Keilor skull. 

In the first article, Dr. Mahony gives a review of former discov- 


, eries of human fossils in Australia and of the conflicting views as - 


to their antiquity. ; CARL 0. DUNBAR. 


Paleontology of the Harrar Province, Ethiopia; by Barnum 
Brown, et al. Bull. Amer. Mus. Nat. Hist., vol. 82, parts 1-4, pp. 
1-98, pls. 1-25, 1948.— The Harrar Province of east central Ethiopia 
is a great tableland formed chiefly of flat-lying Jurassic strata which 
rest upon an undated complex of metamorphic and igneous rocks 
and are in turn overlain locally bv Cretaceous deposits. Marine 
Jurassic rocks exceed 1200 feet in thickness, are largely caleareous, 
and are divisible into four zones, all of Late Jurassic age. They 
, rest upon a series of non-marine arkosic sandstones and quartrites 

that locally bear fossil fish AUGE Snes probably a Liassic (Early 
Jurassic) date. ^. 

The Cretaceous bags with some 850 feet of cross-bedded, loosely 
consolidated and unfossiliferous sandstone which is succeeded by 
nearly 100 feet of white, compact, and richly fossiliferous limestone. 
Still more locally this marine formation is succeeded by remnants 
of the unfossiliferous Nubian (?) sandstone. 

The field work was.done by Dr. Barnum Brown, who describes 
the geology in part 1 (pages 1-18). The faunas have been studied 
. by a group of specialists, three of whom report here. Dr. Ethel D. 


E E 


. Currie of the Hunterian Museum, University of Glasgow, describes : 


the echinoids in part 2 (pages 14-29, figs. 1-11, and pls. 1-4) ; Dr. 
John W. Wells of Okio State University describes the corals in 
part 3 (pages 87-58, pls. 5-9) ; and Dr. Gayle Scott of Texas Chris- 
tian University describes the amnionites in part 4 (pages 61-98, 
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. figs. 12-28, and pls. 10-25). The remaining groups of fossils wil 
be.treated in three parts yet to appear. 


The American Museum deserves corgratulations on the new and . 
greatly improved format introduced with this volume of the Bulletin. 
Its larger page. soft paper, and'full-tone plates improve both the 
usefulness and appearance of the Bulletin. CARL 0. DUNBAR. 


MISCELLANEOUS ScigNTIFIO INTELLIGENCE. - 

Hérédité Mendélienne et Analyse Combinatoire; Dr. E.—L, Roulet. 
Pp. 198. ‘Geneve, Switzerland, 1941 (Georg & Cie S. A. Frs. 
suisses 12.-). The formulation of mathematical expressions for 
different gene combinations in gametes and zygotes in various^sys- | 
tems of breeding is a regular procedure in genetics. Doctor Roulet,. 
a mathematician come anew to Mendelian heredity, has been” 
_intrigued enough to derive formal expressions in terms of combina- 
torial analysis. A brief introducticn concerning Mendelian heredity 
is followed by an exposition of the elements of combinatorial analy- 
sis, the symbols, and general formulae used by the author. "The. 
cases developed in detail are those where both parents are heterozy- | 
gous for the same or differing numbers of genes and where one 

parent is heterozygous, while the other is homozygous recessive. The 
- expressions derived ere simple and economical of space and are 
summarized in three tables Although the chromosomal basis of 
inheritance is accepted in this work, no attempt has been made to 


treat the problems of linkage and the linear sequence of genes. It | 


is hoped that Doctor Roulet will become interested in the analysis 
of changes in gene sequence or arrangement through the process oi 
inversion which appears to be so important a feature in members | 
of the genus Drosophila. D. F. POULSON. 


PUBLICATIONS RECENTLY RECEIVED. 


Iowa Geological Survey. Special Repor-. The Pleistocene Geology of 
Iowa; by G. F. Kay and others: Pt. 1. The Pre-Illinoian Pleistocene 


Geology of Iowa; by G. F. Kay and E. T. Apfel; Pt. II. The 'Jüinojan ,. 


and Post-Ilinolan Pleistocene Geology of Iowa; by G. F. Kay and JAB.: 
Graham; Pt. III. The Bibliography of the Pleistocene Geology of Iowa; 
by G. F. Kay. Iowa City, 1948. 

Virginia Geological Survey. Bulletin 58. Chloride in Ground Water jn 
the Goastal Plain of Virginia; by D. J. Cederstrom, University, 1948. 
Mr. Tompkins Explores the Atom; br G. Gamow. New York, 1944 (The 

Macmillan Co., $2.00). 

Physics; by E. Hausmann and E. P. Slack. Revised edition U, S. Naval 

. Academy. New York, 1944 (D. Var. Nostrand Co., 85.50). 

U: S. Geological Survey: 290 Topographical Maps. 

Chicago Areal Geologic Maps: Surficial geology of ais Of the 
Chicago area; by J Harlen Brets. Topographic base surveyed in coöp- 
eration with the U. S. Geological Sarvey in 1924-88; geologically survey 
in 1980-82. Seale 1/24000. Illinois State Department of Registration 
and Education. Maps 16, 20, 28-24. 2 





A MIOCENE INVERTEBRATE FAUNA 
FROM BURKEVILLE, NEWTON 
COUNTY, TEXAS. 


H. B. STENZEL ax» F. E. TURNER. 


ABSTRACT. A mixed land, fresh water, and brackish water, vertebrate 
and invertebrate fauna occurs in the Fleming formation of southeast Texas. 
The age of this fauna is upper Miocene. The invertebrate portion of the 
fauna is described and discussed in this paper. 


3LAY beds exposed near Burkeville, Newton County, Texas, 

carry a mixed fossil fauna of terrestrial vertebrates, river 
snails, and oysters and other brackish water fossils. The brack- 
ish water species persist toward the east in Louisiana, whereas 
toward the west the brackish water forms drop out and the 
fauna is almost exclusively composed of terrestrial vertebrate 
remains. ! 

In addition one can trace the stratigraphic horizon of the 
Burkeville fauna down-dip and underground. With the aid of 
the invertebrate fossils it 1s possible to trace this same strati- 
graphic horizon into the subsurface section of the oil fields of 
- the Texas and Louisiana coast country. . 

The following fossil remains have been found near Burkeville: 


Vertebrates: ` 
? Desmostylus Sea cow, teeth 
PProsynthetoceras . Primitive horned ruminant, horn core 
and tooth 
Blastomeryx ? Deer-like animal, toe bone and tooth 
Camelidae indet. Camel, bones : 
Merychippus perditus 
(Leidy) Horse, jaw and teeth 
Aphelops sp. Rhinoceros, leg bone 
' Amblycastor stirtoni : 
Hesse Beaver-like animal, skull 
Aves indet. Bird, bone 
Crocodilia indet. Crocodile, skin plates and teeth 
Chelonia indet. Turtle, bones ` 
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Reptilián eggs Repzile, eggs ` i 
. Phyllodus sp. ij _ Wrasse, teeth "x — AS 
` Ameiurus cf. decorus Hay | Catfish, spines. . ER c dd 
. Lepisosteidae inde ^ — : Gar-pike, bones, sales, — skull. 
Plinthicus cf. stencdon .' ae 
(Cope c Eagle ray, tooth ` 
Bhinoptera — (Leidy) Eagle ray, teeth 
" Invertebrates: | | | 
Potamides matsoni Dall . | 
Goniobasis miocaenica , 
Stensel and Turner, 
_D.Sp.' 
Pleurocera acutum burke- . : 


. villense Stenzel and 
Turner, n. subsp. 





Unio sp. o -River mussel 
Ostrea normalis Dall — — Oyster os As 
Polydora sp. | Mudworm > ^ e ^o 


' Rotalia. beccarii Dens Foraminifer 


- Charophyte oogonia — 


- The vertebrate fossils. of this fauna, are e described by C. J. 
Hesse! in a separate article. The. reptilian eggs are described - 
‘independently because they are a rare case of fossilization of | 
. delicate material. Finally, the stratigraphy and environmental ^ 


: conditions of the entire fauna are treated in-another article.* 


- This latter article Ai also all pertinent local geologic infor- 
mation. 

The age.of the fanha may be daonidi in several different 
ways. For instance, the same stratigraphic horizon is ‘known 
--down-dip and: underground in tlie oil fields of the Texas and 
. Louisiana coast country where it is known as the “Potamides 
maisons zone" and can be determined as Miocene on the basis of. 


_stratigraphic sequence and micropaleontologic evidence. On 


the surface the fauna.and the beds which enclose it can be 


sequence of the Gulf Coastal Plain. Among the invertebrates 
. the most promising correlatior i is founded on Ostrea normalis 
` Dall, which occurs at Burkeville as well'as in the Hawthorn beds. 
of Florida. ! oe d ee 


t $ 


1 Hesse, C. ye : Fossil vertebrates ton Burkeville; Newton County; Texas. 
“In preparation. 


. ^ Stenzel, H. B., Turner, C. J., aid Hesse, C. J.: 1944, Brackish and non- y 
E marine Miocene In southeastern Texas. Bull. Amer. Petroleum Geol., vol.-28. 
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DrscrirtioN oF Fossirs. 
“Class GASTROPODA. 
Family CERITHIIDAE. 


Genus POTAMIDES Alexandre Brongniart, 1810. 


Sur des terrains qui paroissent avoir été formés sous d’eau douce: Annales 
mus. histoire nat. Paris, vol. 15, pp. 867-870, pl. 1, fig. 8. 

Genotype.—Potamides lamarckii Brongniart from the Oligocene of Long- 
jumeau south of Paris and the forest of Montmorency north of Paris in 
France. Genotype by monotypy. 


Pozamides matsoni Dall. 

Potamides matsoni + maisoni var. gracilior Dall, W. H. On a brackish 
water Pliocene fauna of the southern Coastal Plain: U. 8. Nat. Mus. 
Proc., vol. 46, no. 2028, p. 281, pl. 21, figs. 1, 2, 7, 1918. 

Types.—Dall's types, No. 166293, in U. S. National 
Museum, Washington, D. C. 

Type localitg.—Dall's types came from an old abandoned 
hand-dug well in the center of SE 14 NW 14 section 27, T. 
8 N., R. 2 W., about 10 miles southwest of Alexandria, Rapides 
Parish, Louisiana, according to Mr. J. N. Ball, owner of the 
land.? 2 

Geologic horizon.—Dalls type material came from the 
Castor Creek member of the Fleming formation, Miocene. 

Remarks.—The variety gracilior Dall was not figured by 
Dall and its description consists of only three lines, quoted 
below: l l 

“Shell with practically the same sculpture, but more regular 
and slender, and with the sculpture more uniform. Length 20, . 
maximum diameter of base 7 mm." 

Calvin Goodrich* has pointed out that in some living fresh 
water gastropods of North America the slenderness of the spire 
is dependent on living conditions. Hence, it seems that the 
distinction of a variety gracilior is not justified. 

The Potamides matsoni Dall was found by Matson near 
Burkeville. His specimens were imprinis in a conglomerate 


* Compare Fisk, H. N.: 1940, Geology of Avoyelles and Rapides parishes: 
State of Louisiana, Dept. Cons. Geol. Bull. 18, pp. 164-185, fig. 86. In 
this report Fisk corrects Dall's description of the type locality. However, 
Fisk’s map on fig. 86, is in slight disagreement with the text. Fisk’s report 
is important for the stratigraphy of the exposed Miocene beds and their 
correlation toward the east. 

* Goodrich, Calvin: 1984, Studies of the gastropod family Pleuroceridae— 
Y: Univ. Michigan, Occasional Pap. Mus. Zool., no. 286, 18 pp. 1 pl. 
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matrix. The present authors were uñable to find. any Potamides 
matsoni Dall in spite of extended search. This is presumably 
due to the extremely uneven distribution of the fossils at the 
outcrops near Burkevile. Metson’ mentioned that the entire ` 
area where he found the fossils: was not IErger than a few | 
square feet. ' 
. . Species of the genus Potamides live T in fresh jai brack- 
ish water streams and swamps of tropical’ and subtropical. 
regions. : 
Fami PLEURDCERATIDAE. .. ; 
- Genus PLEUROCERA C. S. Rafinesque, 1818. — — 

Discoverles in natural history in the- western states: Amer: Monthly Mag. , 

and Critical Rev., vol. 8, p. 855. 

Genotype. —Plewrocera® acuta Rafinesque, living in Lake 
Erie, North America. -` 
. "The genus Pleurocera was propcsed together with six gpecies, 
which were nomina nuda in 1818. and still are such. The first 
-species described under the generic name Plewrocera' was 
‘Pleurocera verrucosa Rafinesque (Rafinesque, C. S., Apolosia, 
the Mollusca : Ann. of Nat., no. 1, -p. 11, 1820) from: the Ohio 
River. This species is not one of the six nomina nuda given in 
1818 nor does it fit into the genus Pleurocera.according to the 
original generic deSnition given by Rafinesque in 1818. There- ` 
fore Pl. verrucosa Rafinesque i is nct admissible as the genotype | 
species. The next species described under. the generic name 
Pleurocera were Pi. gonula Rafinesque, Pl. acuta Rafiriesque, - 
and Pl. rugosa Rafinesque (Rafinesque, C. S., Enumeration and, 
account of some remarkable natural once in the cabinet of 
Prof. Rafinesque, in Philadelphia. pp: 2-8, 1881). Of these 
three Pl. acuta Rafinesque is readily recognizable and has been 
selected as the genotype species by Walker. The latter author 
has given a full and authoritative account of the genotype ques- 
tion in this genus (Walker, Eryant, The type of Pleurocera - 


'- Rafinesque: Univ. Michigan, Occasional] Paper Mus. Zool., no. 


38, 10 pp., 1917). 
The genus Pleurocera is widely distributed today i in x orth : 


ë Matson; G. C.: in Dall, W. H. op. cit. p. 227. ` 

* Rafinesque considered his genus consistently as of feminine, gender. ‘It 

' Plewrocera is derived from the Greek repas, horn, ít must be of neuter , 
. gender, It has been treated as such by later Weiters: y^ 
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Americas. It is found in the streams of ie drainage area of the 
St. Lawrence River and in the Great Lakes. The eastern- 
most occurrence in that area id in a tributary stream of Lake 
Champlain in Vermont; the northernmost reported occurrence 
is near Bayfield on Lake Superior in Wisconsin. The major 
area of distribution is in the Mississippi Hiver drainage area. 
Numerous species have been described frcm the Ohio River and 
its tributaries, such as the Tennessee, Cumberland, Wabash, 
Green, and Allegheny at least as far east as Pittsburgh, Penn- 
sylvania, and the western tip of Virginia and the northern tip 
of Georgia. On the western side of thé Mississippi the genus is 
known in the drainage area of the river in Louisiana, Arkan- 
sas, Missouri, Kansas, and Nebraska. Adjacent to the Missis- 
sippi drainage area it is also found in the rivers of Alabama 
such as the Coosa and Alabama. It has not been reported as 
living in Texas. The nearest reported occurrence is about 80 
miles east of Burkevile in the Red River at Alexandria, 
Louisiana. ! 

Snails of this genus are fresh water inhabitants and have not 
been found in brackish waters. Their association with Unio in 
the calcareous clays of the vicinity of Burkeville indicates the 
same restriction to fresh waters in Miocene time. 


Pleurocera acutum turkevillense Stenze: & Turner, n. subsp. 
Pl. 1, figs. 7-12. 

Daunio —All the specimens are broken at the aperture 
and in most the apex is missing. 

Shell polished, medium thick to thin, noticeably thinner than 
in the accompanying Goniobasis, varying in outline from 
elongate to slender elongate. Spire profile sigmoid, concave in 
neanic part, convex in adult; pleural angle 16° in the neanic, 
84° in the ephebic and about 17? in the adult whorls. Proto- 
conch missing in all adult shells known. One neanic shell with 
protoconch intact is available. Protoconch not clearly set off 
from later whorls, consisting of two to three convex, unorna- 
mented whorls making an elevated, nearly flat-topped, almost 
barrel-shaped protoconch. Nepionic whorls gently-convex in 
profile and smooth. ‘Sutures sharp and deep. 

The convexity of the whorl profile decreases with growth. 
The profile of the adult whorls is straight or even faintly con- 
cave; concave zone a little posterior of the middle of each whorl. 


Each ‘adult. lod curves: 'down sharply to the posterior sutüré 


 - and less'sharply to the. anterior one, Sútures are thus deeply 
. incised and each whorl has a small, rounded subsutural shoulder. 


Growth liries recede from tlie posterior suture at añ angle of 
60. degrees, , cross in this way tke subsutural collar, and form 


' a shallow, rounded sinus between eubsutüral collar. and con- 
' cavity; hence they advance in a straight line to join the 
" anterior suture at an angle of 60' degrees. In some specimens: 


= 


there are one or two shallow snd a el impressed 


. spiral lines in the concave zone. | « is 


Body whorl about 1/8 the height of entire ad. straight or 


faintly concave in profile from subsutural collar to the level of 
“the posterior .end of aperture; at this level it.is rapidly 


rounded, producing a well rounded basal angulation ; outline of 
basal portion faintly sigmoid, convex near the angulation, and | 
faintly concave toward the ant»riot canal. Aperture about . 


1/8 of height of entire shell. Inner lip not. thickened, merely 
with & very thin shell deposit, wEose outer cage 18 EM away- 


‘ain all i specimens.. 


-- On the base of th= body — the growth. lines are gently 


_ convex orad. Near the canal, 2 to 8 faint, wide, and low’ spirál 
"ridges produce small waves in the growth lines: ^ 


.* Dimensions —Oldest figured syntype (fig. 11), oe 19.2 


mm., width 8.7 mm. Gnéomplete epecimen). 


Remarks. ;—The typical Species Wisirosera -acutum Raf- 
inesque was described in 1831' from living specimens taken i in 


, Lake Erie. As understood today the species consist of numer- 
ous‘ living local races, many oi which have been described 


by later authors as separate species. "Thus the synonymy of 


_ the living Pleurocera acutum Rafinesque sensu lato: includes 


very many other names. Thanks to the kindness of Dr. Calvin 


- Goodrich. there are specimens of three living: local races of: 


Pleurocera acutum Rafinesque at hand ‘for comparison with 


the Burkeville Miocene. material. -The similarity. of the latter 
material to those living representstives of P. acutum Rafinesque 
. is striking. . 1f. P. ácutum Rafinesque is considered In sensu. 
‘lato, that is, inclusive of many different; local races and even’ ^ 


running into the living P. canaliculatum. (Say), it is logical to 


- consider the Burkeville Miocene Pleuroceras as belonging to the 


7 Rafinesque, C. 8.: 1881, ‘Enumeration and ‘account’ of some remarkable 


. natural objects in the cabinet of Prot. Befinesque, in OU pp. 2-8. 
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same species although they are geologically much older. How- 
ever, it seems advisable to give the Burkeville Miocene Pleuro- 
ceras a definite, separate name, because such a separate name 
will make reference to this Miocene material easier. ‘Therefore, 
the writers have given a new subspecific name to-the Burkeville 
Miocene Pleuroceras. Possibly the Miocene Pleuroceras are 
ancestors of the present-day Pleurocera acutum Rafinesque. 
Pleurocera acutum burkecoillense Stenzel & Turner differs in 
minor features from some similar living local races of Pleuro- 
cera acutum Rafinesque. The former has more deeply sunk 
sutures on the spire whorls and a faintly concave whorl outline 
in adult whorls. Some specimens of the former have a slightly 
‘turreted spire. The latter have apparently no tendency to con- 
cave whorl outlines, the adult whorls being either flat or more 
often slightly convex in outline. Sutures are also much less 
deep and therefore less conspicuous in the latter. 
Types.—Syntypes are at the Bureau of Economic Geology, 
The University of Texas, Austin, Texas. Unfigured syntypes 
in Museum of Zoology, University of Michigan, Ann Arbor, 
Michigan. | 
Type locality.—Locality 175-T-3 near Burkeville, Newton 
County, Texas. 
Geologic horizon.—Bed (i) of section at type locality in 
Potamides matsoni zone, Fleming formation, Miocene. 


Genus GONIOBASIS Isaac Lea, 1862. 


Description of a new genus (Goniobasis) of the family Melanidae and 
eighty-two new species: Acad. Nat. Sci, Philadelphia, Proc. 1862, pp. 
262-268. 

Genotype-—Gontobasts osculata Lea, living in the Coosa River in Alabama, 
U. S. A. Genotype by subsequent designation in Hannibal, Harold, 
A synopsis of the Recent and Tertlary Mollusca of the Californian 
Province: Malac. Soc. London Proc. vol. 10, p. 179, 1912. 


Goniobasis miocaenia Stenzel and Turner, n.sp. 
Pl. 1, figs. 18-22. 


Pachycheilus suavis Dall, W. H. On a brackish water Pliocene fauna of 
the southern Coastal Plain: U. S. Nat. Mus. Proc., vol. 46, no. 2028, 
pp. 282-288, pl. 21, figs. 6, 9, 1918. * 

Dall’s original description of Pachycheilus suavis Dall: 
“Shell acutely conical, with about 10 whorls, the apical portion 
sculptured, the last 2 whorls smooth, except for incremental 
lines; nucleus very small (not seen) ; subsequent whorls (except 


~ 


a 
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- the last one or two) with about a dozen flexuous ribs with wider 
interspaces, crossed by 4.or 5 flattened spiral cords separated 
by narrow grooves; this sculpture is sometimes prolonged even 
to the last whorl, becoming gradually feebler, yet in the 
majority of cases it becomes obsolete on the eighth and is wholly 
absent on the last whorl. The latter is ovately rounded and . 
sculptured only by incremental lines, though in young speci- 
mens there is sometimes a series of fine spiral grooves near the 
canal. Aperture narrowly ovate, acute behind; outer lip flex- 
uous, sharp, produced in front, smooth inside; pillar arcuate, 
smooth, with a thick layer of enemel extending over tlie body; 
suture distinct, not appressed. Length ‘(slightly decollate), 
20; — — diameter, 9.5 mm. Length of figured Specimen, 
16 mm.’ ' 

“This is a form of rather unusual characters for ihe genus, 
but one of somewhat similar aspect among recent shells has 
recently been described by Doctcr Pilsbry from Mexico.” 

Description of Gortobasts miocaentca Stenzel and Turner. 
The material available is copious, but all specimens are broken 
. off at aperture and apex. 


PLATR 1. 


Figs. 1-6; Reptilian eggs (?), x 1 1/5; fig. 1, 2 top view and bottom 
view of specimen 1; fig. B, 4 top view and bottom view of specimen 2; fig. 
5, 6 bottom view end top view of specimen 3; all from locality 175-T-1. 

Figs. 7-12. Pleurocera acutum burkevillense Stenzel & Turner, n. subsp., 
x 11/5; 6 syntypes; all from locality 1"5-T-8. 

Figs. 18-22. Goentobasis miocasmica Stenzel € Turner, x 1 1/5; 10 Byn- 
types; all from locality 175-T-8. 

Figs. 28-82, 89, 40. Ostrea normalis Dal, x 8/5; fig. 28, 24 inside and 
outside view of attached valve; fig. 25, 26 outside and inside view of 
attached valve; fig. 27, 28 inside and outside view of attached valve; fig. 
29, 80 inside and outside view of part of free valve; fig. 81, 82 inside and 
outside view of part of free valve; fig. 89 outside view of attached valve, 
attachment scar at left; fig. 40 outside view of attached valve, large attach- 
ment scar at top center; figs. 28-82 from locality 175-T-8; figs. 89, 40 from 
locality 175-T-1. 

Figs. 88-88. Undo Sp., x 11/65; Ags. 88-87 inside view of 5 right valves; 
fig. 88 inside view of left valve; from locality 175-T-8. a 

Figs. 30, 82, 89, 40, Polydora sp., x 3/5; borings of the mudworm Poly- 
dora in oyster valves; fig. 40 shows the twin portals of numerous galleries 
on the right lower side; fig. 89 is a partially etched valve showing the 
U-shaped ends of the galleries; fig. 82 shcws a few twin portals crowded 
on left side; fig. 80 shows some twin portals and some galleries partially 
broken open. Figs. 80, 32 from locality 175-T-8; figs. 89, 40 from locality 
175-T-1. 


AM. JCUR. OF SCIENCE, VOL. 242 STENZEL & TURNER, PL. 1 
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Shell polished, medium thick, varying in outline from 
elongate-conical to short-conical with the former the commoner. 
Spire profile variable from pronouncedly convex to straight- 
sided with the former the more usual; pleural angle 60 degrees 
in the neanic whorls of short-conical individuals, 55 degrees 
in the neanic whorls of elongate-conical individuals, 88 to 80 
degrees in the adult whorls of corresponding individuals. 

Protoconch missing, either broken off or corroded. Nepionic 
whorls each gently convex in profile and with about 16 to 21 
gently curved ribs concave orad. On the earlier nepionic whorls 
the ribs are more closely spaced than on the later ones. These 
ribs and their interspaces are overlaid with about 6 unequal, 
flattened spiral cords, whose interspaces are wider than or 
equal to the ribs. Nepionic sculpture fades gradually with the 
spirals disappearing first. 

Whorl profile convex, with a progressively more gentle curv- 
ature in the later volutions. Sutures sharply depressed but 
narrow. Surface polished and almost smooth. In most speci- 
mens there is a slight impressed, spiral line a short distance 
below the suture, but in some shells it is discontinuous or even 
lacking. The fine growth lines are sharply reflexed as they 
cross this spiral line, indicating that it was the locus of a tiny 
notch in the outer lip. A few. specimens have a second, and 
feebler, impressed line lower on the whorl. 

Body whorl about 2/3 the height of the entire shell; ovoid in 
outline, gently convex in posterior portion, uniformly convex 
at transition toward the base, faintly excavated near the canal. 
Few feebly impressed spiral lines near the canal. Growth lines 
sigmoid, gently concave orad in posterior, convex in anterior 
portion. Aperture about lo of the height of the entire shell, 
oval and oblique, extends into a poorly defined, short, lobe-like 
anterior canal. Inner lip smooth with a thin, uniform callus 
deposit which extends below into the roundly reflexed canal wall. 
Outer lip smooth, medium in thickness, thickest at the suture. 
One old shell has its aperture well preserved. Whereas the 
outer lip is thin, the parietal wall has a heavy callus reflexed 
onto the wall of the body whorl. Tis callus constricts the 
posterior angle of the aperture. In younger specimens the 
callus is much thinner. 

Dimensions.—Types of Gontobasts miocaenica Stenzel and 
Turner: largest, but incomplete syntype, height 28 mm., width 
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9 mm. 5 largest. of the short-conical syntypes, dE m amm. 4 
width 7.2 mam. ` ge 
"Remarks —This s species was — — by Dall as Pachy- 
` cheilus sùavis, n.sp. "The.present writers submitted. several 
, .' Specimens from Burkeville to Calvin Goodrich: for inspection. 
Part Through Calvin Goodrich's hands have. gone many thousand 
AR: specimens of recent river snails and obviously his ‘statement, | 
which follows here, is authoritative. . | e 
UE “An examination of your shells convincés me that they belong | 
(Uto Gonsobasis r&ther than to Pachychilus. The plicate-striate : 
irm sculpture i is common in Goniobasis. -It seéms nowhere so clearly ^: 
` marked in Pachychilus, and: far more often æbsent than present. - 
sU s The tight-coiling is sometimes a downstream character of Gon- . 
"oy, dobasis and I find it among shells of the Coosa River, which may | 
^ be considered & true river of juvenile. habits. It may also be ^ 
= ' a reaction to brackish conditions, but I have- only one instance i 
'. '.'. to goron in this—shells. taken from ar salty pool of the Raritan 
207 ‘River of New- J ersey have this -turretted aspect, On the side l 
É ‘of Pachychilus is the thickness of your specimens, not at all 
-: — "common in Goniobasts.” BEL NE 
J “I notice that molluscan opercula have been found in fossil 
^ beds of California. They might possibly be in your deposits. 
^ Tf:8o, théy should decide yid defin^teness ae SURES. de, 
^ Goniobasis or Pachychtlus.” A 
- +. Pachychtlus suavis Dall should be — to TM genus 
Et Goniobasis. However, . there is already a Goniobasis suavis 
(Lea)? which has been described in 1861 and has priority 
rights. Thus a new name has to be found for Goniobasis suavis Ñ 
(Dall). This has been done here; however the present writers’. ', 
have not merely substituted a new name but have carefully 
redescribed the species and deliberately chosen a new type Jocal- 
l ity. This was done becaúse Dall’s description 18 considered | 
."'-« inadequate and because the type loca ity used by: Dall was at 
. + ‘the bottom of a farm well, now abandoned. The typé locality T 
, chosen by the present writers is such zhat anyone enterprising 
“enough may obtain topotype material readily. Thus all the -.. 
data given herein are capable of peng checked . and ‘Possibly . 


A 
e 


"Esa, Isaac: 1861, Descriptions of 49 new epecles of the genus Melania: 
. ' „Acad. Nat. Scl, Philadelphia, Proc. 1861, p. 120. : | 
E : 1868, New Melanidaé of the United: Statés: Acad. Nat. Scl,  ''. 
p — Jour., ser. 2, vol. 5, pp. 226-229. ` r 
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improved upon by the use of topotypes. DERE have not 
been found in spite of careful search. 

Types — Syntypes of Stenzel and Turner at Boreia of Eco- 
nomic Geology, The University of Texas, Austin, Texas. l 
Unfigured syntypes in Museum of Zoology, University of Michi- 
gan, Ann Arbor, Michigan. Dall's type, Noe 166298, in U. S. 
National Museum, Washington, D. C. 

Type locality—tmall black land prairie surrounded by 
woods, about 0.2 mile southwest of Little Cow Creek and about 
0.2 mile southeast cf the Burkeville-Newton highway (State 
highway No. 87), about 0.9 mile from the highway intersection 
in Burkeville (State highway Nos. 87 and 68), Newton County, 
Texas (Bureau of Economic Geology locality 175-T-3). 

Dall’s types came from an old abandoned hand-dug well in 
the center of SEIANW Y section 27, T. 8 N., R. 2 W., about 
10 miles southwest of Alexandria, Rapides Parish, Louisiana, 
according to Mr. J. N. Ball, owner of the land.? 

Geologic horizon.—Bed (i) of section exposed at type local- 
ity, Potamides matscent zone, Fleming formation, Miocene. 


Class PELECYPODA. 
Family UNIONIDAE. 
| Genus UNIO. 
Unio sp. 
Pl. 1. figs. 88-88. 


Description.—The small, decorticated, and highly nacreous 
valves are broken off at the margins so that neither the pallial 
line nor the adductor muscle imprints remain. However, the 
very posterior end of the pitted anterior adductor muscle 
imprint is present in many specimens.. It lies anterior and 
slightly ventrad of the prominent hinge tooth. 

Other specimens are preserved as interior casts composed of 
brown, limonite-cemented silt. These are usually somewhat 
crushed and show very few anatomical features. Their length 
is about 17 mm. | 

* Compare Fisk, H. N.: 1940, Geology of Avoyelles and Rapides parishes: 
State of Louisiana, Dept. Cons., Geol. Bull. 18, pp. 164-165, fig. 86. In this 
report Fisk corrects Dall’s description of the type locality. However, 
Fisk’s map on fig. 86 is In slight disagreement with the text. Fisk’s report. 


is important for the stratigraphy of the exposed Miocene beds and their 
correlation toward the east. 
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Dimensions — Length of largest fragment 15. mm. . This 


specimen may have attained A length of about 30: mm. when ` ` 


5 


complete. - Soc 
Type data. mmm at Bureau of Homie Geology, 

; The University of Texas; Austin, Texas: 
Type locality.—Localities 175-T-3 and 175-T-1, near 
-Burkeville Newton County, Texas.. | 
Geologic horizon.—Potamides .matsonm zone, Fleming for- 
mation, Miocene. The material from locality 175-T-1 occurred. 
in upper part: of bed (g) of the section; the material from 


locality 175-T-8 occurred in bed (i) of thé section. : 


"Family OSTREIDAE. / 
Genus OSTREA Linné 1758. 


Systema naturae, edition io, p. 696. : 
Genotype. —Ostrea edulis. Linné, living in the seas of Europe. Genotype. 
* through subsequent designation by C. F. Schmidt 1818. 


+ 


Ostrea normelis Dall, | 
¿Pl 1, figs. 28-82, 89, 40. 
Ostrea georgiana, forma normalis Dall, W. H. Contributions to the Ter- 
. Hary fauna of Florida, with especial reference to the Miocene silex- 
beds of Tampa and the Pliocene beds of the Caloosshatchle River: 
Trans. Wagner Free Inst. Sel,  Au3UCIphias vol. 8, pt. 8, pp. 684-585, 
., 5 01895 . 
Ostrea virginica, Dall, W. H. Duca breddeh- water Plone fauna of the 
'; southern coastal plain: U. S. Nat. Mus. Proc., vol. 46, p. 280,-1918. Not 
Ostrea virginica -Gmelin. 7 
Ostrea mauricensis?, Dall, W. H. A monograph of the molluscan fauna 
, of the Orthaulaz pugnax sone of the Oligocene of Tampas. Florida: 
U. S. Nat. Mus. Bull. 90, p. 128, 1915. 
Ostrea normalis, Gardner, Julia. The molluscan fauna of the. Alum Bluf 
group of Florida: U. S. Geol. Survey Prof. Paper 142, p. 48, pl. 11, 
figs. 8-4, 1926. | 


~ 


Dall gave no | discus of his “forma — His treat- | 
ment of this form consisted of a synonymy, in which California 
material predominated, a locality list, in which Georgia and 
Florida predominated over New Jersey and California locali- 
ties, and some nondescriptive remarks. Through the lack of | 
figures and descriptions the name "normalis? as used. by Dall 

' was a nomen nudum. Gardner was the first reviewer of this 
material and as such had the choice of ignoring or using the 
nomen nudum. Gardner chose to use Dall’s type material and 
to retain Dall’s original name for this form. Gardner’s pro- - 
cedure is to be commended for many reasons. | i 
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Description of Burkeville material _—Specimens from’ locali- 
ties 175-T-1 and 175-T-2 differ considerably from those of 
locality 175-T-3. However, the beds at all three localities are 
homotaxial. It seems highly improbable that there, were two 
different though nearly related species of oyster living at the 
same time in such close proximity. Also, the differences 
between the oysters from the two localities are readily explained 
by differences in environmental conditions and are similar to 
those observable today in the Ostrea virginica Gmelin of our 
Gulf and Atlantic coast. 

Specimens from locality 175-T-1 save a thin bo medium 
thick shell. The attached valve has a large attachment scar 
in most cases occupying vamously 1/8 to 1% of the length of 
the valve. ‘The fre2 portion of the valve rises steeply from the 
attachment, thus producing a deep, cup-shaped valve. Some 
shells have large, flet attachment scars extending over the entire 
length of the valve. The valve outline is elongate oval in youth 
but becomes nearly circular as the valve grows away from the 
attachment. Outer surface with poorly developed, concentric 
laminae which are faintly frilled at their margins. Ligament 
area curved and short, its basal width about twice its length. 
Margins of valve smooth. 

Free valve gently convex from side to side, less convex in 
longitudinal direction. Margins are recurved so that there is 
& concave channel on the outer surface along the margins. 
Sculpture consisting of imbricate laminae in most cases badly 
eroded which are crossed in some specimens by fine, compara- 
tively regular, continuous mblets of which there are about 
8 to 10 per cm. 

Specimens from locality 175-T-8 have a medium thick shell 
- and are distinctly thicker than those from the other localities. 
The attached valves have usually. lorg and narrow attachment 
scars produced Ly attachment to twigs, stems, or roots of 
plants. Such scers occupy variously 14 to more than 14 of 
the length of the valve. The free portion of the valve rises 
steeply from the attachment and produces a deep to medium 
deep, cup-shaped valve. The valve outline is elongate oval in 
youth and maturity. Outer surfac2 with rough growth lines 
and incipient laminae which are faintly frilled. Ligament area 
short and nearly straight and nearly as long as it is wide or 
very long and narrow depending on tae growta form of the shell. 
Valve margins smooth. 
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Free valve variable, flat to convex from ede b "ide or in | 


longitudinal direction. Margins recurved only in a few speci- 


“mens. Outline oval -to parrow, tongue-shaped with the liga- 
ment at narrow point. In these narrow specimens the ligament. 


area has the characteristic shape described by Gardner. - Sculp- 


.ture- on outer surface consists of ‘rough | imbricate laminae _ 
which are in some specimens crossed by riblets. At this locality. | 
. many of the loose right valves. are narrow and tongue-shaped ` 


and resemble the cat-tongue or coon-óyster shape of the pres- 


. ent-day oyster, Ostrea virginica Gmelin. 


n oyrginica Gmelin from Burkeville 1 in 1918. There is befóre us .. 
one of thé oyster specimens fronr the U. S. National Museum 


- any way representative of the other oyster material available to , 
Dall, it is‘by no means'a penne argument for Dall's identi- . 


. a strongly ribbed attached valve ard differs * very much from the. 
material found near Burkeville. - Dall's identification i 18 incor- . 


Remarks.—' This is the oyster which: Dall listed as  Qitrea 


collection No. 6440, probably collected by Matson. It is labelled 
Ostrea sp. and is an unidentifiable oyster imprint. ` If it is in 


fication. — -> i 


 - The real rires virginica Grielin is the common — — 
today along the east and south ceast of North America from, 
Canada to, Mexico. It is also known from the Pliocene Caloosa- 


hatchéé formation of Florida. The Ostrea virginica Gmelin has 


rect if one can judge by the copious material.which we collected 


near Burkeville. 


Tbe GuM Coast Miocene formations contain. several species - 


of oyster.' Most of these species a-e either very heavily ribbed 
and belong to the subgenüs Lopha Bolten!? or are very large 


and heavy shells. If one disregards the heavily ribbed or pon- ` 


-derous species, which are obviously unrelated. to the Burkeville 


oyster, there remain the following species : 
Ostrea vaughani Dall from the Tampa limestone of Florida. 
Ostrea normalis caducaqua Mansfield” from’ the Tampa lime- 


stone | of Florida. l 
l * Bolten, — Boltenlanum, pt. 2, p- 168, ` 178. — is Ostrea 


orista-galit Linné through subsequent designation by .W. H. Dall, Contri- 
butions to the Tertiary fauna of Florida, etc.: Trans. Wagner Free Inst. 
Sci, Philadelphia, vol. 8,: pt. 4, p. 672, 18€8. 


i. n Mansfield, W..C.: 1987, Mollusks of the: Tampa and Suwanee limestones | 
>. 0f Florida: Florida Dept. Cons., Geol. Bull. 15, p- 203. 


1 Mansfield, W. ki: 1987, op. oit., P. ae? 
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“Ostrea trigonalis Conrad” as noted by Julia Gardner? as 
questionably occurring in the Chipola formation of Florida. 

Ostrea normalis Dall'* from the Hawthorn beds of Florida. 

Ostrea disparilis Conrad! from the Choctawhatchee forma- 
tion of Florida. 

Considering the abundance of mollusks 1n most Miocene beds 
of the eastern part of the Gulf Coastal Plain, these D species 
do not make an impressive list. This fact is brought out still 
more if it is remembered that Ostrea normalis caducaqua 
Mansfield is described and known from a single right valve. 
While a single valve of an oyster may be an interesting indi- 
cation of the presence of an as yet unrecorded species in the 
Tampa limestone, as paleontologic and comparative material 
it is nearly worthless. 

The “Ostrea trigonalis Conrad” as noted by Gardner “is a 
poorly characterized form, not sufficiently well preserved to 
be identified with dssurance” and “it is quite possible that the 
few valves in question may be more properly referable to the 
less ponderous Ostrea hattensts Sowerby.” This so-called 
“Ostrea trigonalis Conrad” of the Miocene of Florida varies 
from smooth to heavily plicate and seems to belong to the sub- 
genus Lopha. The oyster from the vicinity of Burkeville, how- 
ever, never varies to plicate valves. For that reason it is per- 
haps possible to eliminate the so-called “Ostrea irigonalis 
Conrad." | 

These considerations reduce the number of known non-pli- ' 
cate, non-ponderous oyster species in the Miocene of the Gulf 
Coastal Plain to only three. Ostrea normalis Dall and Ostrea 
disparilis Conrad are apparently related, the former being not 
so regular in outline as the latter. 

Unless they are a new species, the Burkeville oysters should 
belong to one of the three above-mentioned species. Although 
mere comparison of the two type figures of Ostrea normalis 
Dall in Gardner with figures of the Burkeville oysters does not 
reveal a striking similarity, certain characteristics are common 
to both. These characteristics are the faint, yet readily notice- 

1% Gardner, Julia: 1928, The molluscan fauna of the Alum Bluff group 
of Florida, pt. 1, Prionodesmacea and Anomalodesmacea: U. S. Geol. Sur- 
vey Prof. Paper 142-4, pp. 41-42. 

^ Gardner, Julia: 1926, op. ecit, pp. 42-48. 


18 Mansfield, W. C.: 1982, Miocene pelecypods of the Choctawhatchee for- 
mation of Florida: Florida State Geol. Survey, Bull. 8, pp. 54-55. 
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able, frilling of the concentric laminae (see Pl. 1, figs. 28, 31), 
the lack of vermicular sculpture on the submargins, and the 
tendency to a habit of growth similar to O. georgiana Conrad 
(see Pl. 1, figs. 27-28). A great similarity among individual 
specimens of O. normalis Dall from Texas and Florida 1s hardly 
to be expected on account of the well known great variability - 
of oyster shells and the great distance (about 700 miles) 

between the two places where this species is found. . | 

T'ypes.—Cotypes, No. 158843, of Gardner's description in 
. U. S. National Museum, Washington, D. C. Material from 
near Burkeville, collected by Stenzel and Turner, in Bureau of 
Economic Geology, The University of Texas, Austin, Texas. 

Type locality—Gardner’s cotypes. came from the Devil's 
Mill Hopper near Hawthorn, A-achua County, Florida. The - 
material described in the present paper came from the three 
locahties 175-T-1, 175-T-2, and 175-T-3, near Burkeville, 
Newton County, Texas. - 

Geologic hortzon.—Gardner’s cotypes came from the Haw- 
thorn beds, Miocene. The species is widely distributed in the 
Hawthorn formation of Florida; Gardner listed 19 collections 

from that formation which contained the species. 

The material described in the present paper came from the : 
Potamides matsons zone, Fleming formation, Miocene. 


Class CHAETOPODA. 
Order POLYCHAETA. 
Family SPIONIDAE. 


- Genus POLYDORA L. A. G. Bose, 1808. 


Histoire naturelle des Vers, vol. 1, p. 151, pl. 5, fig. 7, Paris, 1808. 
G'enotype.—Polydora cornuta Bose from Charleston, South Carolina. Geno- 


. type by monotypy. 


Concerning the genus and its type species, Dr. uie Hart- 
man” made the following statement: ` 
` “The genus was erected for the single species, P. cornuta, from 
Charleston, South Carolina. The description is too general to be 
more than generic, and if species of Boccardia were also to be found 
in eastern America, the first name would have little status. How- 
ever, there are seemingly no Boccard:as, but there are possibly 10 
or more valid species of Polydora in the vicinity of Charleston. It 

1* Letter dated September 80, 1948. 
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is thus reasonably certain that Bosc did have a species of Polydora 
as it ig at present interpreted, but what the species cornuta is, 
remains unknown. Bosc found the specimens in intertidal zones, 
among rocks, wood and shells; thus he might have had several 
species at his command. The collection on which he worked was 
presumably taken to France when Bosc terminated his American 
visit, but it is now supposedly lost. There have been no authentic 
descriptions of P. cornuta, in spite of subsequent revisions of the 
genus. (See Mesnil, 1896, Bull. Sci. France et Belgique, vol. 29, 
and Sóderstróm, 1920, Studien über die Polychaetenfamilie Spioni- 
dae.) Claparéde (1861. Reichert's Archiv. pp. 542-544) redescribed 
P. cornuta Bosc but had only specimens from Kilmore, Hebrides, 
which later proved to be P. ciliata (fide Mesnil, 1896, p. 220)." 





Text fig. 1.—Diagram illustrating the shape of the bore holes made by 
the polychaetous annelid worm Polydora. Front face shows a longitudinal 
section of two galleries; slde face of diagram shows several twin terminals, 


Polydora sp. 
Pl. 1, figs. 80, 82, 89, 40. 


Description .—Many of the oyster shells have small bore 
holes. When intact the bore holes show at the outside merely 
as & pair of tiny interconnected holes having an outline like a 
dumbbell. As most of the oyster shells have their surface some- 
what etched by weathering, the interior course of the bore 
holes may be inspected. "There it is seen that the paired bore 
holes are merely the terminals of a U-shaped burrow. As in the 
case of the dumbbell-shaped terminal, the interior of the burrow, 


Am. Jour., Scr.—Vor. 242, No. 6, JUNE, 1944. 
22 ; 
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that is, the.lower parts of the U, is interconnected from side 
to side. The plane, in which the U lies, generally lies parallel : 
with the coarse, imbricate shell lamellae of the oyster. The 
length of the U of a burrow is about 4 mm. to 10 mm.; the 
greatest diameter of the burrcw measured at right angles to. 
; the plane of the U is 15 to 1 mm. The twin terminal is about ` 

'1.5 mm. wide. Behind the terminals the two branches of the 
burrow spread apart so that the outhne is less hke a U than 
like a tear drop. The greatest drameter is attained all along 
the U at the periphery, whereas the transverse part of the 
burrow connecting the two brenches of the U has a smaller 
lumen. 

Remarks. — Fossil bore holes of this — have been Known 
for sometime. Henri Douvillé'* was probably the first to point | 
out the significance of such burrows. He also showed examples 
of oysters bored by Polydoras. He suggested the use of the 
name Polydorttes for burrows made by Polydora and related 
animals. Douvillé gave the following description of the manner 
in which these burrows are made by the Polydora annelid worm: 


tt 
* 


. the animal excavates its burrows by means of robust hooks 
often equipped with teeth, which arm the fifth segment and fre- 
quently also the terminal segments. Therefore, it acts mechanically 
through a kind of scraping or rasping, and it is precisely these 
scrapings which it utilizes to fill up the median (transverse) and 
unused portion of its burrows; as the animal grows in length and 
width, it is really necessary that it deepens and widens its lodgings; - 
on the other hand the transverse portion, which is not occupied 
by the animal, preserves its origina. width: it really represents the 
succession of the lower branches of the U in the various periods of 

the life of the animal.” (P. 365.) l 


Polydora is today a typically shallow water animal, The 
depth range reported by D. Carazzi!? from the region of Naples 
in Italy is 15 to 20 meters. According. to the investigations bv 
Lunz in South Carolina, Polydore is more prevalent in waters 
of low salimty and prefers oysters on a muddy or soft bottom -- 
over those on firm or hard bottom. Present-day conditions on 
the coast of the South Carolina coastal plain are presumably 


" Douvillé, Henri: 1908, Perforations d'annélides: Soc. géol. France Bull., 
ser. 4, vol. 7, pp. 861-870, year 1907. ` 

8 Carazxl, D.: 1695, Revisione del genera Polydora Bosc e cenni su due 
specie che. vivono sulle ostriche: Mivthetungen aus der zool. Station zu 
Neapel, etc., vol. 11, pp. 4-48. 
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similar to those of Miocene time on "He coast of the Texas 
coastal plain. 

Concerning the living species of this genus and their borings, 
Dr. Olga Hartman vrites: 

“No less than 25 species of Polydora (sensu stricto, since it is 
regarded distinct fram the nearly related genus, Boccardia) have 
been described and recorded from the shores of North America. - 
Of these at least 5 species are known to be perforating in calcareous 
objects. These are: 


1. P. websieri Hartman (see Hartman, in Loosanoff and Engle, 
1948, Biol Bull, vol. 85, pp. 69-78) has been earlier 
recorded as P. caeca Webster (1879, Trans. Albany Inst., 
vol. 9, p. 2581 from tortuous galleries in a sound upper valve 
of Anomia, in Virginia. Andrews (1891, Proc. U. S. Nat. 
Mus., vol. 14, p. 291) reported the same species common in 
perforated dead shells at Beaufort, North Carolina. During 
the summer ví 1940 I found thz species very common at 
Beaufort, and then (in MS) renamed it P. websteri, since 

P. caeca Webster was preoccupied by Oersted. 

2. P. concharum Verrill.(1880, Proc. U. S. Nat. Mus., vol. 2, pp. 
174-176) was described from Cape Cod to Nova Scotia, in 
10-100 fms. :n tortuous narrow galleries, excavated in shells. 
Additional description of this form is in Hartman (1948, 
Bull. Bingham Oceanogr. Coll., vol. 8, no. 1, pp. 64-66, figs. 
121-128). 

8. P. giardi Mesnil perforates limestones and dues and is some- 
times very common. It has been recorded from southern 
viue (see Hartman, 1941, Hancock Pacific Exped., vol. 

7, p. 809). This species has geen widely reported from 

_ both hemispaeres. 

4. P. armata Lengerhans similarly perforates calcareous struc- 
tures. It has been reported from western America (see 
Hartman, 1941, Hancock Pacific Exped., vol. 7, p. 806). 

5. P. gracilis Verrill (1880, Proc. U. S. Nat. Mus., vol. 2, p. 174) 
was decribed as gregarious in galleries of Pecten, off New 

- England. The species remains incompletely known. 

Fauvel (1927, Faune de France, vol. 16, pp. 49-55) describes 6 
species of Polydora from western and southern France, perforating 
calcareous structures. These include P. ciliata bier ES as 
hoplura Clapartde, P. giardi Mesnil, P. caeca (Oersted), P. flava 
Claparéde, and P. armata Langerhans.” 


Today oysters are infested by Polydora in a great many 


regions. Severe infestations have been reported from Europe, 
Australie, and the east coast of North America. Recent arti- 
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‘cles by Lung! discuss’ this infestation as it occurs in South 


_Carochna. - 


-Lunz stated in 1941 that oyster shells from an Indian village 
site known to have been occupied prior to 1500 A. D, show 
infestation by Polydora. Douvillés and our material indicate 


` „the presence of oyster infestations i as far back as. Miocene time. 


. Types.—The material is at the Bureau of Economic Geology. 


q The. University of Texas, Austin, Texas... . > 


Type locality — Locality. 175-T-3, near Burkeville Newton 
County, Texas. 
. Geologic. horicon—Potamides matsoni ne Fleming — 


ion: Miocene. E 
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“THORIUM, UHANIUM RATIÓS IN ROCKS . 
. "AND. MINERALS. 


br A ¿N.'B, KEEVIL. . 


ABSTRACT. One hundred recent — of A 
_ratios, including some new data, are assembled and plotted in frequency 
distribution curves. A probable value of 8.2 is indicated, for basic, acidic, 
and ‘intermediate rocks, but ‘regional grouping ‘of the results suggests that 
the ratio may be as high as 8.5.- Independent confirmation that the Th/U 
ratio lies within this range is obtained from Nier’g determinations of abun- 
dances of lead isotopes from samples of ore-lead, 

For. most purposes: a constant value of #2 may be assumed for the. 
Th/U ratio. This leads to no significant error in alpha-counting theory, 
in determinations of the rate of production of radiogenic heat, or in deter- 
minations of the rate of accumulation of helium and lead in rocks. The 
results do not e Holtnes' theory of the genesis of lead ores from a 
E — source. , ` : ie: 4 : 


HE ratio of e of Horia ini üranium in rocks 

is significant, not only i in radioactivity investigations, but 
also i in theories of genesis of lead ores. , The most important 
question that arises in such considerations is whether or not 
thorium-uranium ratios of rocks generally fall within the range 
Th/U =8 to Th/U=4; if they do, certain problems in both the 
radioactivity and ore-genesis fields are gréatly simplified. Since 
several procedures have. been based upon: the thesis that Th/U 
18 close to 3:5, it is important to examine recent data — see to 
what extent this assumption is justified. 


à 


` 


EARLIER ESTIMATIONS -OF THORIUM-URANIUM: RATIO. 


Earlier calculations of Th/U are now known to be in error 
. due to the inclusion of results proved to be inaccurate, some- 
 . times by several hundred per cent! Jeffreys’ and Holmes . 
earlier figures are.the results of uncritical averaging; and Evans 
and Goodman include some earlier data that do not fall within 
what -now' appears to be:the normal.distribution of results. 
For convenience, averages of Th/U. reported prior to: the pres-. 
ent paper are, summarized i in Table 1. 

Earlier determinations of radioactivity were "fréquently too 
high ; apparently greater errors were present In uranium (or 
. radium) than in ‘thorium measurements, leading to low values 
for Th/U. As more reliable data accumulated, the accepted - 


l Evans, R. D., and Goodman, C. : 1941, Radioactivity of Rocks, Bull. Geol. 
Sec. 2 America, Vol. 52, pp. 459-490. 
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TABLE 1. 
Previous Estimates of Th/U. 





Thorium-Uranium Ratio 


Acidic & Inter- Basic 

Observer po . Year , mediate Rocks Rocks 
KOITTOYBV queso oy soirs 1986 2.6 2.7 
(UTIV)T errar 1986 - 1.6 
Holmes ................« 1987 1.7 2.4 
A 1988 2.8 8.8 
Holmes 25221. e» eR 1988 2.51 
Nier ..... Ra 1988 3,83% (Lead ores) 
Evans & Goodman....... 1941 45 4.0 
Evans, Goodman, and Kee- 

vilae 1942 4 4 


* Urry's and Evans’ data: omitted. 

+ Value obtained from data published Ly W. D. Urry, uranium corrected 
by 287 per cent. ref?, thorium unchanged. 

t Probably since revised upwards, ref. 


value of Th/U has risen from between 1 and 2 to between 4 
and 5, but it appears to the author that this upward revision 


has gone too far, and that the value for igneous rocks is close 
to 3.2. 


SUMMARY OF THORIUM-URANIUM DATA SINCE 1987. 


The results of recent determinations of radioactivity by the 
use of accepted procedures? are summarized in Table 2. 

Direct determinations of thorium were made by streaming 
thoron with ionization chambers for alpha-ray counting, dilute 
solutions from analyzed thorium minerals being used as stand- 
ards of comparison. Indirect determirations were made from 
. measurements of the alpha-ray activity in alphas/mg./hr.; a, 
and radium determinations by using the relationship 


a—1.04Ra : 
0.0886 


Th being in terms of 10° g/g, Ra in terms of 107? gram of 
radium per gram. 
Uranium contents were calculated from radium, determined 
either by counting or ionization measurements (of alpha rays 
? Evans, R. D., Goodman, C., Keevil, N. B, Lane, A. C., and Urry, W. D.: 
1989, Intercalibration and Comparison in Two Laboratories of Measure- 


ments Incident to the Determination of the Geological Age of Rocks, 
. Phys. Rev. Vol. 55, pp. 981-946. 
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‘ Thorium-Uranium Ratios in Rocks and Minerals. - 
B TABLE 2. 
Thorium and. Uranium Contents of Rocks and Minerals. ae 
Rock Location Thx 10* Ux10 Th/U 
1. Acidic,and Intermediate Rocks. l 
Rhyolite Tower Creek Bridge . 2225 4.6 +09 47 
Yellowstone Park 
Rhyolite Golden Gate, Yellowstone Park 25 +5 85 +0.7 7.2* 
Obsidian Obsidian CUf, Yellowstone Park 2155 89 0.8 5.4* 
Trachyte Crescent Hill, Yellowstone Park 9.7 l.i 26 +05 8.7% 
Dacite Bunsen Park, Yellowstone Park 1041 17 08 5.9* 
Tholeiite Cleveland Dyke, Durham, Eng. 2.7 +04 18 +08 2.1* 
Granite Mt. Manitou, Colo. 2024 8.8 20.5 5.4* 
Granite Glen Cove, Colo. 4B «1.0 65 14 0.7* 
Tonalite Valverde Tunnel, Calif. bel 18 «0.8 8,8* 
Tonalite Perris, Calif. 4.0 +0.6 li «0 8.6* 
Rhyolite N, Attleboro, Mass. , 90 =Q] 1.85 =0.18 4,9 
Quartz dolerite Whin Sill, Westmoreland, Eng. 0.9 20.1 0.48 20.11 1,9* 
° 98 +08 8.01 «0.10 8.1 
Granite : Quincy, Mass: f f 8.1 »2.0 27 «05 ied 
Cognate xenolith Quincy, Mass. 20.8 +0.8 441 «0.16 47 
Granite South Quincy, Mass. 11.750.72 8.55 «0.11 8B 
Migmatite Chelmsford, Mass. 26.2 = 1.7 15.1 «1.1 1.7 
Pegmatite Chelmsford, Mass. 1.95--0.81 1.67 0.07 1.2 
| 19.0 #025 81 «05 6.1 
Granite-migmatite Fitchburg, Mass. 21. «5 2.5 2x0. um 
Pegmatite Fitehburg, Mass. 1240.11  :8.07 «0.08 0,4, 
Granite Cape Ann, Mass. 17.1 +1.0 5.05 0.55 8.4 
` | 22.2 =1.0 5.58 =0.20 40 
Cognate xenolith Cape Ann, Mass. 17 aå 65 2-205 ag" | 
Granite Franklin, Maine 8.840,40 8.72 «0.80 2.4 
Granite Hampstead, N. B. 17.0 «0.8 4.68 20.20 8.7 
Granite Creighton Mine, Ont. 17: má 85 207 4,8* 
Granite Red River, Man. d+] 05 +01 | 8(*) 
Granite Barryfield Quarry, Ont. 8.122 0.07 1.58 20.24 2.1 
Granite Gananoque, Ont. 2510.07 LIO «0.10 2.5 
Syenodiorite Blue Mt., Ont. 0.82: 0.08 0.21 «0.02 1.5 
Granite West of Taschereau, Que. 0.90 + 0.28 0.62 0.07 1.5 
Granite Rast of Taschereau, Que. . 44220.82 1.70 «0,07 2.6 
| 2440.29 184 «0.08 15 
Granodiorite Lake'La Motte, Que. 125 -- 0.8 1.6 «0.8 y . L6* 
Granodiorite Vassan Tp., Que. 2.2 20.2 0.72 20.05 8,1 
Litchfleldite Blue Mt., Ont. 0.19 = 0.02 0.1052 0.015 1.8 
2. Basic Rocks. ' 
Porphyritic Basalt Crescent Hill, Yellowstone Park, 85 +1.5 28 20.5 8.7* 
Basalt W mi. W. of Geode Creek, 
. Yellowstone Park 78 +15 1.1 «0.2 7,1% 
Basalt 54 mi. E. of Geode Creek, 
Yellowstone Park 102.2 0.57 «0.11 17.5* 


Pp. 





AR RE k a ra — * = 
Gg. = 812 no N. B. Keciil. ` x i Pi 
TT Thorium. and Uranium: Contents of Rocks and Minerals..- j — 
-Rock ^ Location ° > Thx10e x Th/U 
salt. erhanging Cliff, | ^, — ^ ^ uu 
Pros l — Park B 4.80+0.24 1,18 «0.08 . 8.6 
Basalt’ ^ ' Columbia River ^^" -> o" .19 «04, — 088.5006. 22%* 
.Basalt ` Gardiner, Yellowstone Park 2.9 +0.5 — :0.40 «0.08 Ft = 
Basalt. ., Oldwick, N. J. 2.26%0.18 . 0.65 ~0.05 8.5: 
Basalt | Palisades, Staten Is. N. Y. 22 «08 0.54 «000 ^ 40. 
“s -Diabase | Palisade Sills, N. J.. 2454010 048: +0.06 BI 
Basalt Giants Causeway, Ireland 0.4540.08 — L1 «0.2 04 
. Diabase ‘Centerville, Vä: 15 40.15 0.51 «0.04 2.9 
. Lamprophyre Eustis Mine, Que. . 298-011 188 40.18 ` 22 
', Andesite Dalhousie Mt, N. S. ' 04520.7 “LT #02 4t os 
. Basalt’ `’ .. N. Attleboro, Mass... / _, 8,220.20. 0,78 «0.08 2 
Tos " Eustis e, Que. (pre-ore ' 1810.16 0.65 20,07 . 
rr ai AN dd x on A 4400.20 204 «000 — .22 
Monchiguite : ree Hinohe; Scotland f 6.2 «1.1 19. 0.4 33*| 
| 8.9.0.6 - , 0,91 0.09 8.6* 
_ Monchiquite Kilchsttan, Scotland | 8.42«0.20 .115 20.088 8.0 
Gabbro  .': St. Georges, N. B. 1.7 «0.8 0.51 +0.08 85 
' Gabbro-diorite Blueberry Mż, Woburn, Mass. 1.6. 90.8 0.45 +0.08 8.6* 
Norite - Outcrop, Creighton, Ont. l 48 «0.8 l5 ‘0:4 2.9* 
Norite, ` 40-level, Creighton Mine, Ont. 2.1 «04 ` OTE «0.14 — 8.0%, 
Olivine diabase , 20-level, Creighton Mine, Ont.’ 24 «0.8 0.97 »0.2 — 2.4 
Olivine diabase Worthington, Ont.. .1548 | 22 «08 68“. 

p Trap 40-level Creighton Mine, Ont. 0.0 “0.2 > 25 «03 0.0* 

. Trap + Border of. dyke, Long Lake, Wyo. 5.00+0.60 1.86 +0.80 BT 
Trap dike: Long Lake, Wyo.. , 6.15:.0.51 1.29 =0.06 " 4.0 
Trap -dike Beartooth Range, Wyo. , . 2,081206 — 0.80 —0.08, 1.4* 

ee 1.8: «0.4 18 =08 | 14^ 

. Diabase , _ Horne Mine, Noranda, Que. — IE. 14 0.1 ¿17 

-Diabase Yellowknife, N. W. T. 0.4540.08 * 0,18-=0.02. 25 
- "Trap: Gogebic Range, Mich. | 82 4.0.8 0:91^ 0.17 8.5* 
. Diabase: Brotherton No. 2, Gogebic. \ uS RD VR 
wa Em ^ Range Mich + 5. 14220.0 «^ 040 »0.02 4,8. 
- Diabase basalt : Ropruchel, U. S. S. R^ o- 204-011 081 s 0:07 25: 
"Od | “2.184080 0.47 =<0.06 45. 
Norite- Quad Creek, Wyo > f 0.964015 - 0.87 +0.08- . 2.6% 
Pillow Lava Huron Claim, Man. 0.08+0.02 0.02 «0.008 — 40 
C «^ f rh Minerals. i 
Quarts ' Quincy Granite, Mass. ` 840 . 1.78 ,20 . 
‘Quarts Cape Ann Granite, Mass, 5.75 ` ' 227 2.5 
Quartz ', . Lakeview Tonalite, Calif. 0.02 . 0.80 8.1 -~ 
Feldspar . Quincy Granite, Mass. > 6.19 >}, 1.08 557 . 
Feldspar Cape Ann Granite, Mass. ` “B.I 1.89 - 23. 
Feldspar . Lakeview Tonalite, Calif. +88: 0.81 4.7" 
Labradorite . Chapel Pond, NOY. 116:- ^ 0.78 15 
' Feldspar Palisade: Sill, N. J. and N. Y. ` 1.86 “0:88 483 - 
` Feldspar ' Yellowknife Diabase, N. W. T. , 0.64 0.25. 25* 
> Quarts-and Feldsp. . Valverde Tonalite, Calif. 0.08 .. 0.88 18* ' 


à * 
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Rok © == + Location ^ ^ ^ ~ © Ux - Th/U 
Feisic Concentrate Huron Claim Lava, Man. * y 0.4(5) 0.02 20 (?)* 
Felsic Concentrate ` Blue Mt. Syenodiorite, Ont. 029  ' ,- 0.15 o aa 
Mafic Concentrate ^ Blue Mt. Syenodiorite, Ont. 0.48 | 0041- - 10 . 
Mafie Concentrate Huron. Claim Lava, Man. D. 5 ,002 ' 002 . . 10 
Hornbl. and Biotite Cape Ann. Granite, Mass. _ 8: 18.2 ^— 26 
Aegirite and E UN 

Riebéckite * Quincy Granite, Mass; ^ -. . 250 5:06 4.9 
Biotite - * . Lakeview Tonalite,. Calif. 0.58 8,9 , ,0.6* 

"Pyroxene. -© Palisade Diabase&N. J. and N. Y. ^ 2.68. 0.54 4.0 
Hornblende: _ Lakeview Toralite, Calif. 5.00 — . 1.86 - Ba 
Magnetite | Magnetite ore, Utah '' "A PT 1.88 1.6 
Magnetite ^ | ^ Meme, T. N, Hati — 250081 - . 0.94 0.8 
Magnetite : Fierro, New Mexico I 0.94. 0. 0.84 25 
Magnetite - Pr. of Wales Is., Alaska 0.64 .8.5 "^ 03 
Magnetite . Lynn Valley, B. C; V 044. 1.19 0.4 
Magnetite . Texada Is, B. C. .  . . > 086 | 12 0.8 
Magnetite Magnetite ore, Penna. J 161 0.65 ^ 2.5 
Magnetite. + + Goose Creek, Va, .- "^ 7835 . ' 048 5.8 

. Magnetite | Nova Scotia .' k Ter EE ^ «082 ^" BT, 
Magnetite ` | $$Magnetite ore, Urals `. ` . 0.81. . 0458 0.6 
Magnetite _ Kiruna, Sweden +, U 163 0.85 | 9! 
Magnetite . Hart Tp., Ont. E , Ss 7081 M i 0.8 





* Indirect determinations of Th/U, largely: by Evans and Goodman ref. 1; measurements 
on Triassic diabases and magnetites by Goodman and Hurley (the latter grouped to avoid 
undue emphasis of ee 


. E SE y — 
ETT radon) referred to accepted radium standards, and con- 
verted by means of the relationship: 
U=2.84X10° Ra 
The values of Th/U: have a wide range. This should not be 
taken to mean, however, that. these represent differences 
between différent: rock bodies, but. rather between individual 
samples - -of rocks. True, the distribution of thorium and — 
: uranium seems to differ somewhat from.rock to rock, but one 
cannot accept differences based on results for individual speci- 
mens unless one iè sure of representative sampling. In this 
i regard. it is interesting to note that when rocks are compared | 
fór which & number of determinations are available, the average’ 
values show less extreme differences, frequently falling in the 
range 2.5 to 5. For example, Evans and Goodman report a 
value of 0.5- for the Cape Ann granite, but a more detailed : 
* Keevil, N. B, Keevll, A. R, Ingham, W. N., and Grombie, G. .P.: 1948, 
' Causes of Variations in Aaa Pu Amer Jour. Sci, Vol. ie pp. 
\ 845-865. . : | ; 
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study by the writer led to an average value of 9.4. One might 
consider from a single determination of Th/U for the Quincy 
granite, 4.8, that this rock shows a greater contrast of 
thorium with: respect to: uranium than the Cape Ann granite. 
Actually, other determinations of 2.0,,2.5, 2.8, 2.6, 2.6, 4.5, 
8.3, 8.0, lead to an average value of 3.1, showing that the 
reverse is true and that the relative distribution is nearly 
the same. E 

For most purposes it 1s the average value of Th/U for & 
type of rock that is important. Such information is summar- 
ized in the third column of 'Table 8. 


TABLE 3. 
Summary of Thorium-Uranium Data. 


Numberof Average Probable 


Material . Determinations Value ` Value 
Granitic Rocks ......... rd 19 | 8.85 
Acidic Lavas ...... LEE E E TA Lm 5.5 
Intermediate Lavas ................... sa Y 8.9 
Intermediate Plutonic Rocks ............ 5 2.5 
Pepnmatites. oia wean PES S48 Mx. (0.8) 
Acidic and Intermediate Rocks .......... 84 8.4 © B. 
Same, selected for more representative ; 

regional distribution .................. 18 8.05 
Fine-grained Basic Rocks Mo NN 20- 8.8 
Medium or Coarse-grained .............. 14 . 85 


Basic Rocks ........ .. . . . . . . . . . .. . . . . . .. 84 8.7 8.8 


Same, selected for more representative 





regional distribution ....... .......... 20 8.1 
Felsic Minerals ...... 11 8.0 ^ 
Mafie Minerals .................. Pose 7 2.7 
Magnete sia 12 8 
A Minerals ua ados +... 80 8.0 2.5* 
Igneous Rocks............ hb velt E a i Rs 68 8.55 8.2 


Rocks and Minerals .................... 98 8.85 8.0 


2 





* Limits of error high for this case, as expected from geochemical 


considerations. 


- The first thing one notices on examining these data is that 
in all cases where enough data are available to yield a good 
statistical average, the value of Th/U falls within the range 8.0 
to 4.0, whether granitic rocks, basic rocks, or minerals. This 
suggests that, although uranium and thorium are not governed 
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by any known physical | or chemical Editions. nevertheless, 
the geochemical proceáses involved in their separation from a 
variety of crystallizinz magmas are so regulated as to end up 
with one-third as much uranium a8 thorium. 

One difficulty with the use of average values is that they are 
likely to be high because undue weight is attached to high 
values. This is particularly true when the number of deter- 
minations is small. It is preferable to use probable values 
obtained from distribution curves (Fig. 1). 

. Such data are given in the last column of Table 3. The 
most probable value for all igneous rocks: suggested by pres- 
ent data is Th/U —8.2. 

It is clear from the distribution curves in Figure 1 that more 
data are needed for exact knowledge of this ratio, though it 1s 
sufficiently well known now for most purposes, as we shall see 
in the following section. It should be pointed out also that the 
rocks studied thus far by reliable methods do not sample the 
earth's surface systematically. The writer has attempted to — 
obtain a better average by grouping the rocks according to 
regions (but even so the bulk are North American rocks) ; when 
this is done, the average for eighteen granites is Th/U=8.05, 
the average for twenty basalts, 3.10. 


CONFIRMATION OF AVERAGE: TH/U RATIO FROM ISOTOPIC DATA. 


..' It is now believed that common lead from such ores as galena 
is made up of primal lead contaminated with radiogenic lead. 
If one assumes primal lead to be represented by those old lead 
ores that contain the smallest amounts of uranium lead 
(Pb%%) and thorium lead (Pb**) with respect to the isotope 
(Pb**) of presumed non-radiogenic origin, then the radiogenic | 
lead present in geologically younger minerals can be obtained 
by difference. This offers a means of obtaining the thorium- 
uranium ratio in the source from which the lead mineral was 
* derived. 


Pb? 
'Th/U —8.08 Ppa 
where Au. = 8.08 
_ Arh 


* Nier, A. O.: 1988, Variations in The Relative Abundances of Isotopes 
of Common Lead from Various Sources. J. Am. Chem. Soc, Vol. 60. 1571- 
1516. l 
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The closest approximation to primal lead appears to be the 
lead analyzed from Ivigtut, Greenland,” for which the pertinent 
data are: 


Thorium Lead Uramum Lead 
(Pb*’/Pb** a (Pb?95/pp20*) 
34. 5 14.6 


The radiogenic lead in a sample from Joplin, Missouri, i in which 
the thorium lead was found to be 41.8, and the uranium lead 
22.8 times as abundant as Pb”, the excess thorium lead is 
clearly 7.8, the excess uranium lead 7.7, leading to an average 
Th/U ratio in the source of 2.9. Due to the differences in 
the decay rates of uranium and thorium, the present-day ratio 
of the parent elements would be: 
Aut 
Th e 
U 7. exmt 
when t is taken as 1250 million years—a time intermediate 
between the age of the earth and the age of the mineral. 
Thorium-uranium ratios calculated in this way for twenty- 
four samples of common lead are given in Table IV. The 
average value for Th/U in the source that contributed con- 
taminating radiogenic lead is 2.7 and the ratio extrapolated to 
the present, 8.15. There is some uncertainty in the definition 
of “primal,” and if one uses Great Bear lead as such, the 
Th/U ratio in the source material and at the present is calcu- 
lated to be 3.5 and 4.0 for nineteen samples. 
- The important thing to note, however, is that these values, 
8.15 and 4.0, straddle the ratios determined by direct radio- 
active methods (Table 8). | 











SIGNIFICANCE OF THORIUM-URANIUM RATIO. 


Lead Ore Genesis—Holmes® noted that the atomic weight of 
ore-lead was nearly constant, 207.20 —207.22, and that unless 
the Th/U ratios were universally near 4, a greater variation 
in the range of &tomic weights would be expected if the lead 
were derived from rocks, since ore lead would consist of common 

* Nier, A. O., Thompson, R. W., and Murphy, B. F.: 1941, The Isotopic 
Constitution of Lead and the Measurement of Geological Time. III, Phys. 
Rev., Vol. 60, pp. 112-116. 


* Holmes, A.: 1987, The Origin of Primary Lead Ores, Econ. Geol, Vol. 
82, pp. 768-782. 
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TABLE 4. 


Thorium- Uranium Ratios as Deduced From Relative Abundances of 
Isotopes in Common Lead Ores. 


AA A 
* 


* 


Th/U 
Excess Th/D (extrapo- 
Excess RaG lated to 








Mineral Location : present) - 
Wulfenite and - 

Vanadinite Tucson Mts, Arizona .............. -0.95 . 8.8 
Bournonite Casapalca, Peru ............. Vas 0.90 8.2 
Galena Casepalca, Peru ........... n y 0.99 | 3.45 
Cerussite Wallace, Idaho li 0.56 1.95 
Galena Metaline Falls, Washington.......... 1.06 8.7 
Galena Sonora Mine, Castle Dome, Aris. .... 1.01 8.55 
Galena Durango, Mexico ...... sasmata OT 8.4 
Galena Freiberg; SAXONY ooi vase rm 1.01 8.55 
Galena Saxony, Germany ............. «ss. . 104 8.65 
Galena . Alpine Trias, Austria .............. 1.12 8.95 
Galena Przibram, Bohemia ..:.............. L01 8.56 
Galena 1 * Joplin, Missouri ——— 0.90 . 8.15 
Galena ii _ Joplin, Missouri ............. eese 0.84 2.9 
Galena lii Joplin, Missouri ............. ese 0.92 8.2 
Galen& Harz Mts, Germany ............... 1.06 d 4.0 
Galena Eifel, Germany cr 0.88 8.15 
Galena Nassau, Germany .................. 0.96 8.85 
Galena Yancey County, N. C. .......... eese 0.97 8.8 
Galena Franklin. Neal 0.81 2.7 
Galena Tetreault Mine, Quebec ............ 0.68 2.5 ` 
Cerussite Broken Hill, N.S.W. ............... 0.60 : 22 
Galena , Broken Hill N.S.W. ............... 0.70 2.6 
Galena Great Bear Lake, N.W.T. .......... 0.68 "24 
Native Lead Langban, Sweden .................. 0.90 8.5 

Ave. Th/U 8.17 


lead “contaminated” with radiogenic lead. Actually, deter- 
minations of the atomic weight by the physical method (iso- 
topic analysis) have shown a range 207.175 to 207.236, due 
to such contamination. Furthermore, the surprising tendency 
of thorium-uranium ratios to fall near a probable value. of 
3.2 can account for the small range-in atomic weight values. 


Even a value of Th/U=2.7 for typical granitic rocks would 


not result in an atomic weight less than 207.175! Holmes has 
attempted to find a flaw’ in arguments along this line? by point- 

"Holmes, À.: 1988, The Origin of Primary Lead Ores: II, Econ. Geol, 
Vol. 88, pp. 829-807. 


* Keevil, N. B.: 1988, Thorium-Uranium Ratios of Rocks and their Rela- 
tion to Lead Ore Genesis, Econ. Geol, Vol. 88, pp. 685-696. 
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ing out the variations in Th/U for individual samples; the 
fallacy of focussing one's attention on such results and the 
necessity of using representative values has been pointed out 
above, and as accumulating results tend only to support the 
thesis that the average value of Th/U exceeds 2.7, Holmes’ 
arguments seem to rest on insecure ground. 


RATE OF PRODUCTION OF HELIUM AND LEAD. 


Determinations of geological age by the lead or helium 
methods depend upon the relationship: 

accumulated end product 
-285— "yate of accumulation 

The denominator of this equation can be obtained either by 
determining the amount of a member of the uranium series 
and a member of the thorium series, or by determining the rate 
of emission of alpha-rays, since a — 0.865U 4-0.0886 Th alphas/ 
mg./hr, where U and 'Th are expressed in parts per million. 
Because of the difference in decay rates of uranium and thorium 
it was thought at first, that if the alpha-count method was used, 
a separate determination of U(or Ra) or Th was necessary. 
The writer showed? that if Th/U be assumed to be 3.5, no mea- 
surement in addition to & is necessary even for old rocks. Ina 
rock 1500 millon. years old the error in making such an 
assumption is less than 8 1/8 per cent within the range 
Th/U —O to Th/U=10. 

In this connection the results summarized in the present 
paper are most encouraging. ‘They support the earlier esti- 
mate of Th/U=8.5- and show that there is a negligibly small 
chance of the ratio exceeding 10 for an igneous rock. It fs, 
therefore, satisfactory in this respect to use the simpler alpha- 
count method for age determinations of old as well as young 
rocks without additional radioactivity measurements. 
Alpha-Counting Theory—To obtain the true rate of alpha- 
ray emission from solid sources, it is necessary to correct the 
observed alpha-count for the absorption of alpha-rays by the 
deposit. This correction depends to some extent on the rela- 
tive proportions of the uranium series and thorium series in 
the deposit, since the number of emitters and ranges of the 
alpha rays differ in the two series. 


* Keevil, N. B.: 1989, The Calculations of Geological Age, Amer. Jour. 
Sci, Vol. 287, pp. 195-214. 
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Since, the distebution of thorium and i uranium and actos ' 


A D ‘uranium is not entirely random and’ unpredictable (Fig. 1) 
217. A and. the summated ranges do not differ widely between the two 
? Sl. series, it is satisfactory. to assume Th/U=3.5, particularly - 
since at this ratio of concentrations the rate of production of 
alpha-rays by the. uranium and actino-uranium series is nearly 

: - the same'as the rate of alpha-ray emission from the thorium. 
J”; series. It can be shown from the expected variations in Th/U. 
a c suggested. by Figure 1 that the errors in making this assump- 
+. tion are less than present experimental errors. | 


4 


. Rate of Production of Radiogenic .Heat—— Since the heat gen- i 


. «erated by radioactive disintegration in rocks is largely due 
» : - to the energy 'emission of alpha-rays, the arguments in the two’ 
a . foregoing sections suggest that & determination of the alpha- 
A | ray activity. would probably lead to a value for the rate of | 
(4.7. production. of radiogenic heat. The „application of: such a, 
.' ',* ‘method depends upon the distribution of thorium and uranium. 
„in rocks, and their re:ative rates of heat ;prodüction.' "The fact 
| that the ratio of Th/U ‘falls within a fairly narrow range of: 
is values, on either side of .Th/U= 8.8+0.5 makes the method: 

| generally applicable within satisfactorily low limits a error’; 


r+ VUL e H' —2.15a--2 per cent 


sists H’ is the rate of heat . production from the uránium, 
. actino-uraniumy and thorium-series in calories per grám per 


* 
4 


‘million years. “This is an important development, for the more ' 


2-2 laborious procedures for. radium and thorium: determinations 
:;' ean now be substituted by the alpha-counting method for the 
ox accumulation of fundamental geothermal-data. The writer has 

je. i under way at present such a.program under a grant from the 

gu in Geological — of America. mo $ 
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BUMMARY AND CONCLUSIONS. P 
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| " | Andicatad by existing data to lie between 8.0 and 8. 5, 
20 o. 2, The average, relative, concentrations. of thorium’ and: 
“ wranium in large bodies.of rock do not lend support to Holmes’ 
+.  . theory of lead ore genesis. 
SIRO WRIT « 3. . Assuming a constant value of Th/U = 3. 5 in detérmina- 
- +, CP Keevil, N B.: 1943, Badtogenie Heat in Rocks, sour Geol, Vol. 51, PP- 
"a 287-800. 
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tions of the correction factor for absorption of alpha rays by 
rocks, the rate of helium production, or the rate of produc- 
tion of radiogenic heat, results in errors less than present 
experimenta] errors. 
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UNUSUAL FEATURES IN EJECTED 
BLOCKS AT KILAUEA VOLCANO. 
GORDON A. MACDONALD. 


ABSTRACT. Picritic basalts near the feeding conduit of Kilauea Volcano 
appear to have become reconstituted in the solid state, as a result of remain- 
ing for a long period at a high temperature, during which the original 
pigeonite broke down and yielded hypersthene and augite. The texture of | 
the resulting groundmass resembles that of contact metamorphic hornfelses. 
A reddened picritic basalt shows deposition of iron ore throughout the 
olivine phenocrysts. ; 


INTRODUCTION, 


HREATIC explosions at Kilauea Volcano, in April 1924, 
hurled out blocks of solid rock, some of them weighing 
several tons, which had been torn from the walls of the conduit _ 
- by the explosion. The blocks include many different types, 
most of them identical to the various lavas that form the 
slopes of the volcano. . A few blocks of coarse-grained gabbro 
also are present. Most of the ejected blocks were nearly cold, 
and only a very small Broporhon were hot enough to be 
incandescent.” 

Petrographic examination of the ejected blocks has revealed 
unusual features in some of them, which are briefly described 
in the following paper. Dr. Cordell Durrell of the University 
. of California at Los Angeles, and Dr. H. T. Stearns of the 
U. S. Geological Survey, have kindly read and criticized the 
manuscript. ` mE 

DESCRIPTION OF THE BLOCKS. 


During the collapse there was exposed in the walls of Hale- 
maumau pit a small sill-like intrusive which was red hot, and 
.most or all of the blocks ejected in an incandescent state were 
derived from this intrusive.? These blocks can now be found 
on all sides of Halemaumau, but appear especially numerous 
‘on the western rim. Evenan hand specimens they differ greatly 
in appearance from the other ejected blocks. They are pale 


© *Published by permission of the Director, Geological Survey, U. S. 
Department of the Interlor. 
* Jagger, T. A., and Finch, R. H.: 1924, The explosive eruption of Kilauea 
in Hawali, Amer. Jour. Scl, 5th ser., vol. 8, pp. 858-874, 1924. 
Stearns, H. T.: 1925, The explosive phase of Kilauea Volcano, Hawali, 
in 1924, Bull. voleanologique nos. 5 and 5, pp. 198-209. 
* Stearns, H. T. personal communication. 
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yellowish-green. They have an irregular blocky fracture, and 
show the exceptionally dense aspect frequently seen in contact 
metamorphic hornfelses. The numerous olivine phenocrysts, 
which range in size up to 7 mm. long, are also peculiar in 
appearance. They are greenish-brown, with a more conchoidal 
fracture than is characteristic of Hawaiian olivines, and have 
an unusually brilliant luster, which is almost submetallic in 
some specimens. Many are distinctly iridescent on the con- 
choidal fractures. 





Fig. 1. (a) Block of picritic basait ejected in an incandescent condition 
from Halemaumau during the 1924 explosions; olivine phenocrysts lie In a 
hornfels-like groundmass of augite, hypersthene, labradorite, and iron ore, 
some oz the hypersthene showing sieve structure, (b) Normal intergranular 
picritic basalt of a prehistoric lava flow of Kilauea; olivine phenocrysts are 
partly resorbed with attendant liberation of a shell of finely granular iron 
ore, (c) Block of reddened picritic basalt from the 1924 explosion debris; 
the olivine phenocrysts contain abundant finely granular fron ore scattered 
throughout the crystals. Ordinary light, X 25. 


In thin sections the olivine phenocrysts are seen to be rounded 
and embayed by magmatic resorption, but appear otherwise 
unaltered. They show an optic axial angle close to 90°. 

The groundmass consists of plagioclase, pyroxene, and iron 
ore. The texture is quite unlike the textures of the normal 
Kilauean lavas, which typically are intergranular or intersertal 
(Fig. 1b). Instead, subhedral to anhedral grains of pyroxene 
he in a mosaic of anhedral plagioclase (Fig. la). Sieve textures 
consisting of hypersthene grains enclosing many small crystals 
of plagioclase and iron ore are also present. The groundmass 
pyroxene is of two varieties, hypersthene and augite. Both are 


. ps 
, 


t 
e € m 


-€ 
N 


A Is 


: ` 
= ` 
, F 


824 .' ^." Gordon A, Macdonald: E 


T pale  greenish-browr,; ithe. hypersthene , is ‘faintly ds 
' The augite has: +2V = -60°+. The hypersthene. has —2y= ^7 


| 80?2-, with r> v weak, corrésponding to an MgSiO, content. 
of-about 78 per. cent. . The plagioclase is intermediate labrado- 
„rite (B=1. 564). The iron ore: includes both magnetite and 
rr A. few small prismatic grains of apatite.also are pres-. 


ent. The estimated mineral composition of the rock is ‘as fol- = 


lows: olivine 80 per cent, dugite 18 percent, hypersthene 14 
per, cent, plagioclase 81 per cent, iron ore .6 per cent, and. 
apatite: 1 per cent. | 

' Ejected. blocks similar to the — basalt just described; 
¡except that olivine. phenoerysts ` are less abundant, probably 
_came from the upper part of the intrusiye. In these blocks the: 
resorption of the olivine phenocrysts liberated abundant finely ` 


granular i iron ore which was deposited around the edges of the - 


grains and along fractures. Many of the olivine phenocrysts 
.are surrounded by & rim of hypersthene of coarser grain size : 
EU the. rest of the groundmass, and a few of the mal 
` phenocrysts haye been entirel y replaced by granular aggregates 
of hyperstherie and iron ore, the gaangs of the phenocrysts 
, being preserved by the ore grains. | a 

Reddened blocks of picritic basalt, which were probably cold ` 
when ejected, contain olivine phenocrysts that show a.type of 
alteration uncommon in Hawaiian rocks but identical to that 
in lavas near Auckland, New Zealand, described by Bartrum,* 
Similar olivines have been noted i in olivine basalt from Umiahu 
. Cone on Hualalai, ‘and in picritic basalt from the northwest 
. side of Kaawalii Gulch on Mauna Kea. The separation of finely . 
granular i iron ore around the edges and less frequently along ` 


- fractures 1 in the' grains is a common phenomenon im Hawaiian , 


lavas, accompanying the resorption of olivine phenocrysts. In 
..this rock the ore forms rims around the phenocrysts, as is usual, 
but it is also distributed throughout the phenocrysts as irregu> 
lar masses and small vermiform threads, in part following frac- 
tures but largely independent of any detectable fractures. (Fig. - 
le). The olivine shows —2V of 85° +, corresponding to about 


74 per cent forsterite, and thus has about the same composi- : 


tion és the usual olivine phenocrysts of Hawaiian lavas.® The | 


4 Bartrum, J. A.: 1942, ‘Unusual olivine in basalt near Auckland, New | 


, Zealand, Jour. Geology, vol, 50, pp. 914-917.. 
, *Aurousseau, M. and Merwin: H. E.: 1928, Olivine; | i. From the 
Hawallan TAB II. Pure forsterite, Am. Mineralogist, vol, 18,: p. 560. 
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red color of the rock is caused by abundant hematite scattered 
throughout the groundmass. `The hematite is probably largely 
derived by alteration of the iron-bearing minerals of the 
groundmass. l 


CONCLUSIONS. ` 


The groundmass texture of the hypersthene-bearing picritic 
basalt is entirely différent from the textures of the normal 
lavas of Kilauea. “Che latter generally have intergranular or 
intersertal textures (Fig. 1b), resulting from crystallization 
in a liquid, the relative euhedrisms of the grains arising largely 
from their order of precipitation. The texture in the ejected 
blocks is, however, a typical hornfels texture, resulting from 
- crystallization in a solid medium in the absence of appreciable 
differential stress, the shapes of the minerals being the result 
of their relative strengths of crystallization. It is a texture 
commonly found in volcanic rocks that have undergone thermal 
metamorphism, or dynamothermal metamorphism without much 
internal deformation. The fine granularity of the groundmass 
appears to indicate fairly rapid chilling to a solid state, proba- 
bly accompanying the emplacement of the intrusive body. The 
surrounding rocks, however, were fairly hot, owing to their 
proximity to the volcanic throat, and further cooling of the 
intrusive mass therefore was slow. The intrusive remained for 
a considerable time at high temperature, during which time it 
recrystallized, acquiring in place of the original igneous texture 
a new one characteristic of crystallization in a solid medium. 
The instability of the rock at elevated temperatures probably 
was the result of the nature of the original groundmass 
_ pyroxene. b 

The pyroxene in the ejected blocks under discussion is unique 
among Kilauean lavas. The groundmass pyroxene in every 
` other lava of Kilauea and Mauna Loa examined, in which its 
nature could be determined, is. pigeonite. Hypersthene and 
augite are absent in the groundmass of Kilauean lavas, and 
hypersthene is rare even as a phenocryst, although phenocrysts 
of hypersthene are quite common in Mauna Loa lavas. The 
presence of hypersthene and augite in the groundmass of the 
ejected blocks requires, therefore, a special explanation. The ` 
explanation is not hard to find. It appears very probable that 
pigeonite in the groundmass of many basaltic rocks is meta- 
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stable” at low T — and exists only because of the 
rapid cooling of tae lavas containing it. Although in some 
instances pigeonite may form under plutonic conditions, on slow 
cooling,’ such concitions generally result in the formation of 
two distinct phases, hypersthene and diopsidic augite. When, 
therefore, the pigeonite-bearing rock was held at a high tem- 
perature for a long period of time, the pigeonite broke down 
and yielded hyperthene and augite. 
* Bowen, N. L., and Schalrer, J. F.: 1985, The system, MgO-FeO-SiO,: 
Amer. Jour. Sci, 5th ser., vol. 29, pp. 158-217. 
.  'Wager, L. R„ and Deer, W. A.: 1989, The. petrology of the Skaergaard 
‘intrusion, Kangerdlugssuaq, East Greenland, Med. om Grønland, Komm. 
for Videnskabelige uncersggelser 1 Grønland, Bd. 105, nr. 4, pp. 240-261. 


* Tsuboi, S.: 1982, On the course of crystallization of pyroxenes from rock 
_ magmas, Japanese Jour. of Geology and Geography, vol. 10, pp. 67-82. 
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(Contribution from the Sterling Chemistry Laboratory, Yale University.) 
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RADIOACTIVE SUBSTANCES. III! _ 
THE ANALYSIS AND AGE OF A NORTH 
CAROLINA MONAZITE? | 


ALLEN DOUGLASS BLISS. 


ABSTRACT. A monasite from Spruce Pine, North Carolina, has been 
analyzed for thorium (4.88 per cent), uranium (0.02 per cent), and lead 
(0.18 per cent). The age as calculated by the customary formula is approx- 
imately 600 million years. 


STUDY of minerals collected recently in the Spruce 

Pine district of Mitchell County, North Carolina, made 
desirable the analysis for age determination of a monazite 
found in Deer Park No. 5 mine. Geological evidence indicates 
that the pegmatite in which this monazite occurs is younger 
than the Roan gneiss of Precambrian age. 

The sample was a smooth-faced, prismatic, resinous-look- 
ing yellow stone weighing 20 g. For analysis it was wrapped in 
paper for breaking up with a hammer, crushed further in a 
clean “diamond” mortar, and finally ground to a powder in an 
agate mortar. One small piece was reserved for a density 
determination: 1.7261 g. + (0.8822 + 0.99612 (at 28.5^)) = 
density 5.18; monazites are reported? to have an average den- 
sity of 5.2. The sample for the first thorium analysis was 
dried in an oven at 110° for half an hour and lost 0.025 per 
cent of its weight; the other sample weights were decreased by 
this amount-in making the calculations. 

The determinations of thorium, uranium, and lead were made 
according to the -procedures recommended by Fenner,* with 
occasional minor variations as des cribed in the Analytical Notes. 
The quantity of sample | available did not permit using portions. 
as large as advised in the procedures, and the weights taken 


1 Previous paper, Baxter-and Bliss: 1980. J. Am. Chem. Soc., 5$, 4851. 

3 Presented at the Boston Meeting of the Mineralogical Society of 
America, December, 194]. 

3 Doelter, *Handbuch der Mineralogie." 

* Fenner: 1828. Amer. Jour. Sci, Sth Ser. Vol. 16, 28, 868. 
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| ‘had. to: je decreased. considerably. | The reagents: were die 
' , tilled, recrystallized, or ‘proved: by appropriate tests to be free 
^ from the elementa being determined. 


' suggested procedure, the final lead sulfate being dissolved out `` 
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AN ALYTICAL NOTES. 


“Thorium (I) —Some difficulty was experienced i in — 


the first ignited oxides (ex oxalate) in: sulfuric acid (with a . 


few small. losses by spattering) ;.also, on standing, the first 
peroxynitrate filtrate deposited a small additional precipitate 


"- which was filtered and. carried on ———— to. the end OXA- y 
~~ late precipitation. "s 
+. Thorium (IT) .— Guided i» (I),. the ni — was. — 
„executed, more deftly, and deviated only in a repetition of the ~; 

- incident of, a second small peroxynitrate precipitate, which 
was handled separately for a few stages and then combined. -* .. 


. Uranium (1) —On reaching the. stage of the first ammonia 
precipitation, a mere trace. of precipitate formed, indicating . 
virtual absence: of , uranium. . Following a suggestion of Dr. 


John P. Marble, the bulky precipitate: from the potassium 
carbonate precipitation was processed to recover any included 

` uranium. It: was dissolved in hot nitric acid, diluted, rare... 
earths precipitated. with oxalic acid; digested, and filtered. | \ 
The filtrate was evaporated. with nitric acid (to destroy oxa- ." ` 
late) to dryness, the solid dissolved in water, a trace. of residue 


removed, and the solution alkalinized with ammonia to give'a .- 


trace of white precipitate (again indicating. practical absence’ ` ' 
of ‘uranium): “This ‘small precipitate plus the one. obtained i in ' 


the regular procedure was extracted with hydrofluoric acid, 


_.- the solution evaporated with sulfuric acid, diluted; cooled, and 
potassium ferrocyanide and sodium chloride added to givé a 

tracé of bluish precipitate which was filtered and: washed : with 

sodium chloridė solution. The precipitate was leached with ^. 


sodium hydroxide, then with hydrochloric acid, excess sodium ES 
carbonate. added to the filtrate, boiled, a trace of 'iron filtered 


| off, the solution acidified’ with hydrochloric acid, carbon: diox- : ^ 


ide. boiled off, and excess ammonia added with boiling to give 
an -almost invisible precipitate. . Although the regular pro- 
cedure involves‘ further 'tréatment; the trace’ of solid. was: 


filtered off, ignited, and weighed. 


Lead (F).—This analysis was executed "EL to the 


È 
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of the crucible with hot ammonium acetate, any precipitate . 
filtered, and washed, and paper with residue ignited in the 
crucible and weighed, its weight being' used as the “empty” 
weight of the crucible. 

Lead (11) —For this determination, all the residues of 
. analyses Th (I), Th (II) and U (I) were saved. The vari- 
ous solutions were evaporated with nitric acid, then with sul- 
furic acid to fuming, and the residues dissolved and filtered, 
any undissolved material being treated again with sulfuric 
acid, until all was in solution with excess sulfuric acid. This 
solution was then analyzed by the usual procedure. Naturally 
it cannot be argued that all the lead content of these three 
original samples was recovered, but the close agreement of the 
two analyses is reassuring. ‘The total yield of lead was 
recovered easily by precipitating it as sulfide from the final 
acetate extraction solution. 


TABLE I. 


E vo Results of Analyses. 


Analysis Sample, g. Precipitate, g. 66 

Th(I) 1.9747 ThO, 0.1080 Th 4.81 
Th(II) , 14624 ThO, 0808 . Th 486 
U(I) 8.8750 U,O, 0008 U 0.017 
Pb(I) 10.8867 PbSO, .0205 Pb 0.129 
Pb(II)b 7.8021 PbSO, .0189 Pb 0.180 


a The atomic weight of the lead was taken as 208.00 for calculations. 
b'The sample consisted of the combined residues of Th(I), Th(II) and 
U(1). 


Commenting on the results, the difference of the thorium 
values is about as expected, in view of the protracted analy- 
tical work and the small amount of thorium oxide weighed. 
The figure for uranium is not a very tangible quantity; the 
0.0008 g. weighed was & mere trace in the crucible, which 
might have been partially iron; a much larger sample would 
be needed to settle the question. The lead analyses show an 
agreeable concordance, in view of the even smaller yields of lead 
sulfate, and the composite nature of the second analysis. 
Fenner's procedures, however, have been tested repeatedly with 
satisfaction by various analysts, so these values would seem 
to warrant confidence. 


880. . EX Allen Douglass Bliss. 
| Substitution in the well Enown equation : 
ij | Phó Lo ol ; . 
AX 7600 millio = 1. 
| U%+084TLD% 5o. o LUI, age 
gives F a Ñ mS 


VET (aeu) nt millon.years  — 
0.0175 + (0.84 X 4.888) "d 


a value on the “older” side of the Cambriah — 
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A COMPARATIVE STUDY OF TWO 
CRETACEOUS VAGINULINAS. 
RUTH TODD. 


ABSTRACT. Vaginulina wadei Kelley and V. webbervillensis Carsey are 
studied as to distinguishing characteristics, stratigraphic position, and 
evolutionary relationship; and are found to be suitable index fossils for 
a part of the Upper Cretaceous. - 


HE genus Vaginulina is one of the most widely distributed - 

and best developed of the many large and striking foramini- 
fera in the Upper Cretaceous of the Gulf Coastal Region: The 
present study was undertaken in an attempt to distinguish 
clearly between two of the species of Vaginulina which superfi- 
cially resemble each other, and, by a study of their strati- 
graphic distribution, to make them more useful for correlation 
purposes. 

The writer acknowledges the courtesy of Dr. J. A. Cushman 
in making his laboratory, collections, and unpublished manu- 
scripts available to her, and his helpful suggestions throughout 
this. study. 5 


VAGINULINA WADEI KELLEY. 
Plate 1, Figs. 1-8. 


Faginulina wadei Kelley, in W. Berry £nd Kelley, Proc. U. S. Nat. 
Mus., vol. 76, Art, 19, 1929, p. 8, pl. 1, fig. 7: 

F Jeudi webbervillensis Cashman (not Carsey), Tenn. Div. Geol., 
Bull 41, 1981, p. 88, pl. 4, fig. 6.—Jennings, Bull. Amer. Pal., 

. vol. 28, No. 78, 1986, p. 21, pl. 2, fig. 15. 


Test large, elongate, compressed, broadest toward the aper- 
tural end, periphery usually carinate on the ventral edge, 
thickened and channelled on the dorsal edge, dorsal edge 
straight, ventral edge gradually t&pering from the rounded 
proloculum ; chambers as many as 26, distinct, increasing grad- 
ually in height and breadth as added, very slightly inflated 
toward the apertural end; sutures somewhat limbate but not 
raised, straight or very slightly curved backward as they 
approach the ventral edge; wall very finely perforate, with. 
ornamentation varying from numerous, close-set branching 
costae over the entire test to a neerly smooth surface except 
for the costate proloculum and early portion of the test, the 
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| ` Neylandville marl and the Nácatoch sand. . Its greatest devel- . 
‘opment, in size and abundance, is in the Marlbrook marl of: 


n 
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, costae being usually more strotigly. developed. over the ‘sutures: 


“and occasionally confined there; aperture at the dorsal, angle,. 


protruding, radiate. ~ 
Length up to 9.00 mm. ; — ab adult specimens, 1. 20 to 


- 2.00 qmm. ; thickness 0:40 to: 0.55 mm. 


This species, recorded as “very rare,” was described from ihe — 


Coon Creek tongtie of thé Ripley formation, Dave: Weeks’ place 


on Coon: Créék; three and one-half miles S. of Enville, seven and 
one-half miles N. of Adamsville; and one-eighth of a mile E. of 
the main Henderson-Adamsville road, in the NE. part of 


McNairy County, Tennessee. The type specimen measured : 
1.88 mm. in length and is believed to be an immature specimen. 


‘An unpublished figure. of the type, redrawn, shows more clearly 
than thé type figure, the straight sutures, the thick intercameral 
walls, and the discontinuous costae. 

. Vaginulina wader appears to be- — to the Taylor 


“group and the two lower members of the Navarro group: the ' 


southwestern- Arkansas. Its areal distribution ‘includes eastern 


. Texas, southwestern. Arkansas, northeastern Mississippi, west- . 


ern Tennessee, and.New J ersey. . 
The following list of localities shows all the known: occür- 


rences of Vaginulina | wader, including . the type locality, the . 


localities from’ which it has -been recorded by subsequent , 


authors, and the localities npe by material į in the Cünki- 
man Collection. . à — O eiut 


, Taylor marl. 


— 


(lower past) Bene Cia 0.8 mi. S. by E. of Lavon; Collin Co, 


Texas: .L. W. Stephenson, ``: 


(Lower part) On road to Little River and Temple, 8 mi. W. of 


. .Rogérs, Bell Co., ‘Texas. C. H. Dane. = 


: (Wolfe City Sand member) Road ditch, W. side of — 1 mi - 


.out of Wolfe City on road to Pecan Gap, Hunt Co.; ; Texas. Cush- 
man and Waters. 


: (Pecan Gap chalk member, basal part)- On’ road to Lavon, Collin ; 


Co, 0.75 mi. W. of secondary road, 0.75 mi. N. = Rockwall, Rock- 
sall Gà; Texas. C. H; Dane, ^c ous We git 


* Selma chalk. ^ -. | 


e 


, (Mooreville tongue) From bed of gully, 40 féet below top’ of hill, 
‘Fulton road, 34 mi. W. of Mooreville, Lee Co., Miss, .L. W. Ste-^ 


phenson. U.S.G.S. 9520. 


? 
~ 
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(Middle part) Jim Wilkin's property, 300. yards NW. of Union 
Church, Hardin Co., Tenn. I. G. Reimann. | 

(Upper part) 4% mi. W. of Guys, McNairy Co., Tenn. I. G. 
Reimann. 


Ripley formation. 

Blue Cut, Mobile and Ohio RR. at state line, McNairy Co., Tenn. 
I. G. Reimann. 

215 mi, E. of Pontotoc, Pontotoc Co., Miss. G. W. Ponton. 

(Coon Creek tongue) Dave Weeks' place on Coon Creek, 81/5 mi. 
S. of Enville, 744 mi. N. of Adamsville, and 4g mi. E. of the main 
Henderson-Adamsville road, in the NE. part of McNairy Co., Tenn. 
V. wvadei was described from this locality. 


Marlbrook marl. 

(Upper contact) On highway 26, 6.5 mi. W. of corner of Tenth 
and Pine Streets in Arkadelphia, turn N. on country road to Cox 
place, sec. 29, T. 7 S., R. 20W, Clark Co., Ark. W. H. Deaderick. 

Highway 51, 10.7 mi. SW. of junction with highway 26, at Tower 
No. 6, Unit-6, Arkansas Forestry Service, 8.0 mi. NE. of DE 
Clark Co., Ark. W. H. Deaderick. 

Natural erosion on E. side of road, highway 4, 8.8 mi, N. of 
Washington on road to Ozan, Hempstead Co. Ark. W. H. 
Deaderick. 

34 mi. NE. of Colas: abont l4 mi. E, of road from Columbus 
to Yancey, Hempstead Co., Ark. W. H. Deaderick. 

Tom Clark's Burns plaie: On highway 8, 4.0 mi. NW. of corner 
of Tenth and Pine Streets in Arkadelphia, turn N. at Trinity Church 
and 0.8 mi. further enter gate on left, Clark Co., Ark. W. H. 
Deaderick. 


Saratoga formation. 

Highway 26, about 150 yards W. of Wright's Store at junction 
with highway 51, Clark Co., Ark. W. H. Deaderick. 

Highway 51, 0.7 mi. SW, of its junction with highway 26, natural 
erosion about, 800 yards S. of road, Clark Co, Ark. W. H. 
. Deaderick. 


Neylandville marl . 

S. side of U. S. highway 80, 2 feet above pavement, 12.5 mi. E. 
of Dallas-Kaufman county line, 0.6 mi. E. of Lawrence, Kaufman 
Co., Texas. C. G. Lalicker. 


Nacatoch sand. 

Ditch, 2nd class road, 1.7 mi. NE. of Ardis Heights, 8.5 mi. ENE. 
of Court House, Greenville, Hunt Co., Texas. L. W. Stephenson. 
2 mi S. of Oak Grove, Bowie Co.; Texas. J. A. Gardner. 
U.S.G.S. 12982. 2 
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Nutt's Farm, on Crosswick's Creek, 0.6 mi. N. of New Egypt, 
Ocean €o., New Jersey. Recorded by Jennings. 


Navesink marl. 
Crawford's Corner, about 5 mi. S. of Keyport, New Jersey." 
Recorded by Jennings. m | 


VAGINULINA WEBBERVILLENSIS CARSEY.: 
Plate 1, Figs. 9-18. 


Vaginulina webbervillensis Carsey, Univ. Texas Bull 2612, 1926, 
p. 89, pl. 2, fig. 7.—Cushman; Contr. Cushman Lab. Foram. Res., 
vol. 6, 1580, p. 27, ol. 4, fig. 14 .—Plummer, Univ. Texas Bull. 

- 8101, 1981, p. 160 —Cushman, Special Publ No. 5, Cushman 
Lab. Foram. Res., 1988, pl. 20, fig. 12.—Cushman and Todd, 
Contr., vol. 19, 1948, p. 59, pl. 10, fig. 21. 

Test large, compressed, broadest toward the apertural end, 

dorsal edge nearly straight, thickened, tricarinate, ventral edge 

curved, sometimes undulating; proloculum costate and with a 

distinct spine; chambers as many as 25, distinct, of about equal 

height throughout, last-formed ones sometimes slightly inflated; | 
sutures distinct, becoming limbate toward the dorsal edge and 
almost invisible toward the ventral edge, nearly straight in the 
early portion, becoming strongly curved backward in the adult 
test so that the ventrel portions of the sutures are almost paral- 
lel with the ventral edge of the test; wall smooth, very finely 

perforate, sometimes ornamented along the ventral edge with a 

few curved, discontinuous costae most strongly developed 


toward the initial end; aperture at the dorsal angle, protruding; ``. $ ! 


radiate. 


8.00 mm. ; thickness 0.50 to 0.60 mm. 

' The type locality of this species was not mias in the 
— description, but was subsequently stated by Mrs. 
Plummer (Univ. Texas Bull. 8101, 1981, p. 121) to be the 
strata exposed in a steep 80-foot slope on the right bank of 
Onion Creek just east of the bridge (known as Jones’ Crossing) 
on the Austin-Bastrop highway, Travis Co., Texas. 

The original description gives the length as “up to 6 mm., 
but more commonly about 4 mm.,” and the species was recorded - 

"rather common in some parts of this formation" [Navarro]. 


Length up to 7.5 mm.; breadth of adult — 1. 50 to i ! ue 
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Vaginulina webbervillensis appears to be restricted to the 
upper beds of Navarro age: Corsicana marl, Kemp clay, Arka- 
delphia marl, and Prairie Bluff chalk. Its areal distribution 
includes a north-south belt in eastern Texas extending from 
Bexar to Hunt counties, southwestern Arkansas, northeastern 
Mississippi, and southern Alabama. 

Faginulina webbervillensis occurs at the following localities 
represented by material in the Cushman Collection: 


Prairie Bluff chalk. 

Houston road, in a shallow gully W. of road near foot of large 
hackberry tree about 10 feet below top of chalk in nearby road cut, 
1.4 mi. N. by E. of Sparta, Chickasaw Co., Miss. L. W. Stephenson 
and W. H. Monroe. U.S.G.S. 17285. 

Houston road, in road cut about 8 feet below top of section, 7.4 
mi, N. by E. of Sparta, Chickasaw Co., Miss. L. W. Stephenson 
and W. H. Monroe. 

17 feet down N-facing slope of Cane Creek valley in sec. 10, 
T. 15 S., R. 8 E., 1.8 mi. N. by E. of Sparta, Chickasaw Co., Miss. 
W. H. Monroe. 

Old Canton — Alabama River, Wilcox Co. Ala. U.S.G.S. 
6439. 


Arkadelphia marl. 

Branch E. of road, Ya mi. N. by W. of Reed's Store (SW. Y, 
sec. 29, T. 11 S., R. 24 W.) 6 mi. N. by W. of Hope, Hempstead 
Co. Ark. L. W. Stephenson. 

(Tova part) 4.5 mi, E. of Washington, in creek 1% mi. N. of 
Reed’s Store, Hempstead Co., Ark. U.S.G.S. 8211. 

(Near base) 7 mi. N. js W. of Hope, Hempstead Co., Ark. 
LW. Stephenson. U.S.G.S. 18411. 


` Gordeunm marl. 


Small branch below road oly m mi. N. of Tona siding, about 5 mi. 
SW. of Quinlan, Hunt Co., Texas. L. W. Stephenson. 

Pit at Corsieana Brick Co. 2 mi. S. of Court House at a 
Navarro Co., Texas. L. W. Stephenson. 

(Within 1 foot of top of Corsicana marl) Road ditch, 8.5 mi, NW. 
of Union Seminary School, 4.8 mi. SSE. of Corbet, Navarro Co., 
Texas. L. W. Stephenson. 

Mexia highway at forks of Wortham road, 2.8 mi. ESE. of 
Cooledge, Limestone Co., Texas. Cushman and Thomas. 

Mexia road, 234 mi. E. of Cooledge on E-facing slope of Elm 
Creek valley, Limestone Co., Texas. L. W. Stephenson and C. H. 
Dane. . 


~ 


~ 


` 
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| ‘Ditch, W-facing slop2 of Big Creek ‘valley, 8 mi. Sw of Stranger, - 


1.8 mi. SE. of Parsons Bridge, Falls Co., Texas. .L. W. Stephenson. 
Bluff on Onion Creek, 14 mi. below Bastrop road crossing, 24/4 mi. 


Y. of Old Garfield, Travis Co., Texas. L; W. Stephenson. 


"Steep 80-foot: slope on, right. bank of Onion Creek just E. of 


bridge (known as Jones’ Crossing) on the Austin-Bastrop highway,’ 
"Travis Co., Texas. F. webbervillensis was described from this 


locality. i 
Gully in W-facing slope of — Creek valley, ES mi. W.. 


. of Kimbro, 3-mi. S. of Manda, TR Co., Texas. L. W. Stephenson, 


U.S.G.S. 14129. l 
San Marcos River, left. bänk, 100 — below a ford, 16 mi. 
below Martindale, Caldwell Co., i LW. Stephenson... U;S.G.S. 


8 feet below base ‘of Des pe A bed, San Antonio Joad 2 


6 mi. E. of Castroville Bexar Co., Texas. L. W. — 


Kemp — 

(Upper part) Branch 44 mi. s. of McLeod School, 642 mi. SW. 
of Curry, Navarro Co., Texas. L. W. Stephenson. 

90 feet below base of Midway group, Wortham road, 5 mi. due E. 
of Cooledge, Limestone Co., Texas. L. W. Stephenson. 

Mustang, Creek, abcut 6 mi. ESE; of Taylor, Tace Co. > 


E Texas. L, W. Stephenson and.W. P. Popenoe. B 
, Sandy marl, 8 to 8 feet above bottom of pit of Seguin- Brick a. | 
. Tile Co;,-0.8 mi, S.. of McQueeney —— dr Co., Texas, 


L. W. Stephenson.. 
There is. one record for V. webbervillensis in the Eagle Ford . 


- 


E shale (Moréman, Journ. Pal., vol. 1, 1927, p. 98, , pl. 16, ae 2). 
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uo ¿EXPLANATION OF PLATE 1. . 
All acures x 3, | 
Figures 1-8. ^ Vaginulina wadei Kelley. ' Marlbrook. mar] — con- 


' tact), on highway 26, 6.5 mi. W. of corner of Tenth and Pine Streets in 


r 


Arkadelphia, turn N. on country road to Cox place, sec. 29, T. 7 S., R. 20 


"= Wy Clark Co, Ark. 1, Megalospherle, narrow form. 2, Microspheric form. 


8, Megalospheric form showing ornamentation. 4, Megalospheric, broad 
form. 5, Fragment showing extremely fine and dense costae. 6, 7, Young 
forms. 8, Fragment showing straightness of sutures. 

Figures 9-18., Vaginuiina. webbervillensís Carsey. 9-12, 14,' 15,-17, 18, 


Tw 
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. Mexia highway at forks of Worthem road, 2.8 mi. ESE. of Cooledge, Lime- ' 


.Stone Co., Texas.. 18, 80 feet above base of bluff on Onion Creek, 24% mL 


W. of Old Garfield, Travis Co., Texas. 16, about 17 feet above base of 


,. bluff on Onion Creek. 9-12, Young forms. 11, 18,16, Microspherle forms. 


. 18; Broken and repaired test. 14, Fragment showing curvature of HUM 


15, 17, 18, —— forms. . 
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Mrs. Plummer stated (Univ. Texas Bull. 8101, 1931, p. 160) 
that she had examined the plesiotype and found it *to conform 
well to many of the variations that characterize the species at 
any locality in the Navarro where it is abundant.” - Neverthe- 
less, in view of the fact that there are no other records for 
this species in either the Taylor or Austin groups, some doubt 
must remain as to the authenticity of this earlier record. 


REPAIR OF —— TESTS. 


Dune the examination of specimens in this study a con- 
siderable number of tests which had been broken and repaired 
were observed. Two of these are figured (Figs. 2 and 18). 
In Fig. 2 the test was broken at a'point about 1/8 the length 
from the apertural end where there is a slight jog in the dorsal 
edge. From this point to the aperture there are 4 chambers, 
the first of which truncates 2 of the previous ones. Fig. 13 
shows a specimen which seems to have Jost & much greater pro- 
portion of its test as the break truncates 5 of the previous 
chambers and the rebuilt chambers are about twice the height 
of the broken-off ones as well as much longer as they curve 
around the broken-off edges. This increase in size of the 
rebuilt chambers suggests that as the animal grew something 
in the living protoplasm determined the size of chamber to be 
built regardless of the size of the immediately preceding cham- 
ber. From this assumption one might judge how large the test 
had been before the break and how much was missing due to 
the break. 

| DISTINGUISHING CHARACTERISTICS. 


The most striking difference between Vaginulina webberoil- 
lensis and V. wadet is the presence of an initial spine on webber- 
villensis and its absence on wadet. In the over 600 specimens 
examined, no cases were found where both forms, with and with- 
out spines, were found in the same sample. 

The shape of the test, especially of the early part, may be 
used as a distin sealing: characteristic. In V. webbervillensis 
the test broadens much more rapidly than in V. wadei and the 
ventral edge is curved or undulating. In V. wadei the test 
broadens gradually and evenly so that the ventral edge is 
almost as straight as the dorsal, and is frequently angled at 
the point where the last-formed chamber reaches the ventral 
periphery. 

— Jour. Sci—VoL. 242, No. 6, Juxz, 1944. 
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When only small fragments are available (such as. Figs. 8 
and 14) it is usually possible to distinguish between the two 
species on the basis of sutures. In V. ades they are straight 
almost to the ventral periphery while in V. webbervillensis they 
become distinctly curved as they approach the ventral 
periphery. 

In ornamentation the two species differ chiefly in n degree. 

V. webbervillensis has the costae usually confinéd to the peri- 
phery and the first few chambers. In V. wadei the costae 
appear commonly, but not always, over the entire surface of 
the test. 


POSSIBLE EVOLUTIONARY CONNECTION. 


From a study of yaung specimens, it became evident that the 

general appearance of F. wadet (ie., straight sutures and 
- straight ventral periphery with an angle where the last-formed 
. chamber meets it) is repeated in the young specimens of V. web- 
- bervillensis (See Figs. 6, 7, 9, 10). This ontogenetic relation- 
ship suggests that the later species developed from the earlier 
one. 

There does not,seem to be any noticeable difference between 
specimens of V. webbervillensis from the four different forma- 
tions in which it occurs. V. wadei, on the other hand, becomes 
larger, more robust, and somewhat broader in the younger for- 
mations in which it occurs. It is largest and most abundant in 
` the Marlbrook marl; but in the Navarro group, especially the 
Nacatoch sand, it approaches V. webberotllensis in its curved 
. sutures and proportionately broader and smoother form. On 
the basis of fragments these Nacatoch specimens probably could 


.. not be distinguished from V. webbervillensis. However, all 


specimens showing the initial end are rounded and without a 
spine, and on this basis are considered to be true V. wadei. 
Thus two lines of evidence suggest that V. webbervillensis 
may have developed from V. wadei through the curving of the 
sutures, broadening of the test, loss of some surface ornamen- 
tation, and the development of an initial spine. These two 
lines of evidence are: first, that young specimens of V. webber- 


. villensis resemble adult specimens of Y. wadei except in size and 


initial spine: and second, that specimens of V. wadei which are 
nearest to V. webberoillensis in age are nearest to them in their 
characteristics. 


i 


? 


E nia of Mie Cretaceous. Vini . 889 


— "E " CONCLUSIONS; ' 


The two species of Vaginulina may be LER by the 
following features: presence of initial. spine of webbervillensis ; 
shape of test, broad im webbervillensis and narrow. in wadei; 
straightness of sutures in wadei and curvature in webbervil- 
lensis; and degree of ornamentation greater in wadei than in 
webbervillensis. . The wide occurrence of both species in strata 
where the other is not known makes them suitable for index 
fossils; V. wadei being restricted to beds of the Taylor group 
and the lower beds of the Navarro group, and V. webbervillensis - 
being restricted to the upper beds of the Navarro group. 
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— IE 'p..1969.) Therefore the new name Carlisle Center formation i is pro- . 
$2 ils by "n and Flower for their Sharon Springs. formation, 
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. SCIENTIFIC INTELLIGENCE 
Puvsrcs. 


Hydrogen Ions; by Husznv T. S. Brrrron, Vol. I and Vol. II. 
Third edition. Pp. xix, 490. Pp. xix, 448; many illustrations. 
New York, 1948 (D. Van Nostrand Co., $16.00).— The present 
edition of this work is an enlargement of tke second edition. The 
book has the character of an uncritical summary of a considerable 
part of the experimental and theoretical work: in the field of water 
solutions of electrolytes. The emphasis is laid on manifestations of 
hydrogen ion equilibria. Much detailed discussion of experimental 
matter is included. Old and new work is presented side by side. 
The reader unfamiliar with the subject might well become confused 
in an attempt to plan an experiment on the basis of material here 
presented. 

Approximately half of the first volume is taken up with discus- 
sions of experimental methods. Various hydrogen electrodes and 
the instruments used in the measurements are described. Chapters 
on volumetric analysis and the standardization of volumetric solu- 
tions form a transition to a group of four chapters on theoretical 
matters. It seems somewhat unfortunate that the higbly developed 
and rigorous thermodynamic .theory of solutions of electrolytes 
should be presented as if it were nearly on a par with an hypothesis 
in need of experimental test. The chapter on "activity theory" ends 
with a two page discussion of the correct basis for a definition of 
pH. The author concludes that for practical purposes the pH 
should be defined by the method used in its determination: i.e., by 
means of the e. m. f. of a cell with transference standardized against 
the normal hydrogen electrode in which the conductance ratio is 
‘used to compute the hydrogen ion concentration. A short chapter 
on the Lowry-Brónsted theory of acids and bases precedes a sum- 
mary of the composition of various buffer solutions. The remainder 
of the first volume is taken up with discussions of colorimetric pH 
determinations and the use of indicators in titrations. 

Approximately half of Volume II is devoted to the significance 
of pH in various fields of chemistry. Redox reactions, titrations in 
non-aqueous solvents, precipitations of various classes of inorganic 
compounds are discussed. Much experimental work is here sum- 
‘marized. The final eighteen chapters discuss the significance of pH 
in various industrial processes and for various natural products. 
Electrodeposition of metals, tanning, sugar, pulp and paper, beer, 
milk, hen’s eggs, cheese, bread, water, soils, ceramics, the dye indus- 
try, and ore flotation all receive attention. The final do is 
entitled "Miscellaneous." 
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. = - dE. ? / 
If this book be accepted in its character oË a — survey it 

may prove useful ta those interested i in the field. 
HENRY C. THOMAS, 


Infrared Spectroscopy. Industrial Applications and Bibliogra- 
phy; by R. Bowring Barnes, Ropert C. Gong, Urner Lipper, and 
Van ZANDT WiLnLIL«8, (Reinhold Publishing Corp., New York, . 


1944, $2.25).—Thiz little book is a reprint of a paper which . 


appeared in Industrial and Engineering Chemistry (Analytical Edi- 
tion), Volume 15, No. 11, pages 659 to 709, by Barnes, Liddel, and 
Williams. It is an excellent discussion of the various aspects of 
the application of the methods of infrared spectroscopy to chemical 
problems. The “library” of 868 representative spectra of organic 
compounds should prove invaluable to those working in this field. 
In addition a bibliography of 2,701 references in the field “is 
included. The bibliography is arranged alphabetically according 
to authors’ names and is indexed according to ‘subject matter. 
While the bibliography makes no claim to completeness, much of - 
the library chore of anyone planning an infrared investigation is 
done: for him herewith. : HENRY C. THOMAS, 


GEOLOGY. 


Geologia do Brasil; by AVELINO IaNAcIO DE : OLIVERA and OTHON 
Henry Leonarpos. Servico de Informacao Agricola, Série Didática 
N. 2, Pp. XVII+818, Second edition, 202 text figures, 278 plates, 
1 colored map. Rio de Janeiro, 1948. (Price about $8.00).—The 
authors.of this imposing work have earned the gratitude of geolo- 
gists everywhere in bringing together in a single volume a compre- 
hensive and up-to-date summary of all that is known of the geology 
of Brazil. 

Chapter 1 reviews the history of geologic work in Brazil from 
- the beginning of the nineteenth century to 1948. Succeeding chap- 
ters treat of the geology from the point of view of historical geology, 
- Chapter 2 being devoted to general features of the Archeozoic, 
Chapter 8. to the Archean, Chapter 4 to the Algonkian, Chapter 5 
to general features of the Paleozoic era, — 6 to the. cee 
Chapter -7 to the Ordovician, etc. 

Each chapter devoted to a distinct — period begins with 
general features, such as "paleogeography, climate, and distinctive 
types of life,.and then proceeds to treat in detail of the geology 
of each important area of outcrop. Seventy-one half-tone plates 
show characteristic geologic views, and 202 plates of fossils repro-. 
duce approximately all the published figures-of invertebrate fossils 
and some of the fossil vertebrates and plants of Brazil. The large 
number of text figures show detailed maps or stratigraphic and 
structure sections. The large, colored geologic map is on the scale of 
1:7,000,000. . ` CARL 0. DUNBAR. ` 
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l The United States Exploring Expedition, 1838-1842, and its 

Publications, 1844-1874: A Bibliography; by Danie, C. HaskELr, 
= with an Introductory Note by Hanny Minter Lypenperc. Pp. 
XII--188; 5 plates. New York, 1942 (The New York Public 
Library).—On August 18, 1888, Lieut. Charles Wilkes sailed from 
Norfolk in charge of a squadron of five small naval vessels on one 
of the most pretentious scientific expeditions ever undertaken by 
the United States government. 

At that time about ten per cent of ‘the ships flying the Stare and 
Stripes were engaged in the whaling industry, much of it in the 
South Pacific. That region was still little known to the scientific . 
world—even the continent Antarctica was yet to be discovered! 
With the great economic importance of whaling in the South Seas, 
it became & matter of public concern to know more about the 
natural history of that remote region, and so the Congress had 
commissioned Lieutenant Wilkes to conduct “a surveying and 
exploring expedition to the Pacific Ocean and the South Seas." 

After -four adventurous and exciting years, three of the ships 
returned laden with collections and data which were to form the 
basis of no less than 24 volumes of scientific reports. Study of 
the biological materials was entrusted to the foremost American 
scientists of the day—such men as Louis Agassix, James D. Dana, 
Asa Gray, and Spencer F. Baird—and some of their reports are 
now classics. 

But, from the, first, the scientific work was stayed by political 
interference and mismanagement. The expedition had been author- 
ized by Congress and organized by the Navy Department but its 
objectives had to be attained by civilian scientists. Bitter friction 
over organization and equipment had delayed the expedition for 
two years before it sailed; and upon its return the Congress, having 
to appropriate money for the study and publications of the scientific 
data, tried to control the character and volume of the scientific 
reports and the style and conditions of their publication. The 
inevitable result of such an impossible organization was controversy 
and delay and charges and recriminations, and an almost incredibly 
tangled bibliography, which is the subject of the present volume. 

Early estimates of the time needed, and the volume of publication 
required, had to be revised upward as the vast collections were 
studied, and Wilkes had to battle with Congress year after year 
for additional appropriations. At the start the politically-minded 
Congress arranged for publication of the scientific results on a 
purely political basis—only 100 copies were to be printed, one to 
be presented to each state in the Union and the rest to be distributed 
to foreign countries through the State Department! The scientists 
concerned protested bitterly at such a limited edition as would make 
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their — virtually "forbidden fruit" to ‘nearly all ‘the scientific 
world.. Eventually, after much controversy, authors wére permitted | 
to arrange privately for publication of additional copies of their 
works and so all of the. volumes eventually appeared in unofficial 
. issues differing slightly from the-original official issues. _ . pi 
. The present volume by Mr. Haskell reviews. all this tangled his- 
tory, gives a full bibliography of the publications of the expedition, 
'as well as of books and periodical articles relating to the expedition . 
, and its results, and a list of manuscripts prepared but never. pub- - 
lished. It also includes a checklist of the holdings of these publi- . 
cations by the libraries of the world. ` ` . CARL 0. DUNBAR,  — 
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Kansas Geological Survey. - - Bulletin 52. Pt. I. Reconnaissánce of Pleisto- . 
cene Deposits ín North-Central Kansas; by C. W. Hibbard, J. C. Frye 
and. A, B. Leonard. Pt. Il. -Ground-Wàter Conditions in the Neosho 
"River Valley in the Vicinity of: — Kansas; by C. C. Williams, 
Lawrence, 1944. 

U. S. Geological Survey: 102 Topographical Maps; Map of ‘Spokane: River. — 

: Plan and profile of Spokane River, Spokane, Wash. to Post Falls, Idaho; . 

_ topography ‘by G. C. Giles. and Washington Water. Power Co. Scale,” ~- 
. 112,000. 4 sheets (8 plans, 1 profile). Pru in — with | 
_the DIS of Washington.) | 
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THE DISTRIBUTION OF HELIUM AND 
-RADIOACTIVITY IN ROCKS. 


VI. THE AYER GaANITE-MIGMATITE AT 
CHELMSFORD, Mass.  — 


N. B. KEEVIL, E. S. LARSEN, ax» F. J. WANK. 


ABSTRACT.—Of twelve minerals studied in concentrates from the Chelms- 
ford granite-migmatite, zircon, apatite, epidote, and biotite have more than 
. five times the radioactivity of the parent rock; accessory minerals account 
for half the total radioactivity. A 150,000-fold contrast in helium content 
was found between zircon and féldspar, yet the zircon containing 1.2 cc./g. 
appears to retain helium, while more than ninety per cent has escaped from 
feldspar and quartz. Excess helium over that produced since Carboniferous 
time was.found in sphene.  ' 


ECENT radioactivity studies of rocks have shown appre- 
ciable contrasts between the constituent minerals, mafic 
minerals tending to be about three times as active as felsic and 
certain of the accessory minerals to be considerably more active 
than either of these groups.’ In a California tonalite, for 
. exaniple, zircon, sphene, and apatite were 1030, 680, and 140 
times as radioactive as biotite, itself generally regarded as a 
relatively radioactive mineral? While such minerals have long 
keen known to be radioactive from early experiments on miner- 
als, zircon-rich rocks,? concentrates, and so forth, it was by no 
means certain that weakly radioactive rocks containing little 
or no visible zircon and apatite would show such contrasts in 
radioactivity. The Californian tonalite contains only 0.06 per ' 
cent zircon and sphene and has an activity of only 0.8 alpha: 
" rays/mg./hr. and a radium content of 4.9 x 10? grams per 
gram. a 2 : ME 
The granite-migmatite at Chelmsford, Massachusetts, on the 
other hand, is relatively radioactive, having a radium content 
of 53 x 10 7? g./g. and an activity ten times that of the Cali- 
fornian tonalite. In order to find whether greater contrasts . 
in radioactivity ‘between the constituent minerals exist in the 
Ax. Jour. ScA. -Vor. 242, No. 7, Jury; 1944, 
25 
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Chelmsford — — were separated from UPS pec 


- facies at'the Fletcher Quarry near North Chelmsford, Massa- 
2 ‘chusetts. -At the same time determinations of the helium index" 
.' . were made on all of the samples, in order to find which minerals 


i 


were the best. reservoirs for the helium produced by radioactive g 


. l engra hon ata ids uniform rate during pun time. 


Pel 


^ad | DESCRIPTION ` OF GRANITE-MIGMATITE. 


nitic ‘rock lying ina belt extending: from. Hempstéad, ‘New 


| Hampshire, through "Worcester, Massachusetts, to Connecticut. 
` Sometimes referred to as an outlying part of the great central 
- ' batholith of. New England, thé rock is:not now considered to 
be of the granite batholith type, but to be a hybrid rock formed 
by granitization at depth of earlier sediments 'and -schists.* ^ 
Such hydro-magmatic i invasion is: suggested, by the uhiformity i 
' "of the biotite banding, tthe orientation of inclusions, and the dis- ` 
— tribution of thé masses which conform with the regional schis- z 
. tosity and structure of the biotite ‘schist. In thin section, the : 
three generations of: feldspar are not zoned but often exhibit 
- corrosion. contacts, and many “evidences iof metasomátic ES i 


cesses are discernible. i 


The time of granitization is generally believed to Be late: 


Carboniferous." In the Worcester and Merrimac troüghs biotite 


and muscovite granitic rocks, presumably of the same age and 
. - origin, intrude strata identified. as Carboniferous by the pre- 
ence of fossil trees and ferns of the *Cálamites" and *Lepidg- ..' 


dendron" types. The granites cut the Worcester phyllite: and: 


latter are similar to those interbedded with Triassic sediments 


| at Mount Holyoke, Mount Tom, and Deerfield, Massachusetts." 


"he Fletcher quarry from which the specimens. were n | 
is in one of the central bodies of several detached areas of gra 


all. other solid rocks of the area, except the diabase dikes. ` The. 


-The geological. information, though indirect, suggests that the ` 


age of the migmatite is 2501-50 million. ye&rs. > 


thin section of sample CG, 40 per cent microcline, 20 per cent 


oligoclase, 30 per cént quartz, and less than 10-per cent bio- + 


tite and muscovite were estimated to .be present (Table I). 


ł “ee , lá” 
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Accessories consist of apatite, arn clinozoisite, and epidote. - 


' > Macroscopically the medium-grained | Chelmaford : “granite” ° 
18 light-colored, being composed chiéfly of white feldspar with ' ` 
.: some quartz, brown biotite, and occasional garnets. ‘In the ' 
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Some sericitization and chloritization has taken place. Light 
colored feldspathic pegmatite dikes associated with the granite 
contain appreciable muscovite and garnet. In thin section, the 
minerals in specimen CP exhibit considerable evidence of strain. 
Fractured microcline with quartz veinlets, and rounded frac- 
tured grains of garnet associated with muscovite were observed. 
-Coarse grains and fine aggregates of quartz and muscovite 
were present, and a few rare grains of zircon were identified. 

Currier* believes the order of formation of the niinerals 
during granitization to have been as follows: 


Tanrz I. 


Composition of Specimens of Chelmsford Migmatite. 


(Percentages) 
Mineral Coarse Medium-~grain Fine Pegmatite 
Quartz ............. 085 g 80 88 25 
Microline ............ 20 40 28 65 
Plagioclase ........... 40 "99. s 82 z 
Muscovite ............ 5 > 5 8 
Biotite and chlorite .... 0.5 f : 0.7 v 
Epidote .......... ees ].1 
Magnetite ............ 0.02 
Apatite orisirisii 0.001 
ZIFCDI oves eru ex ES 0.001, 
SPICE es 0.001 
GATHEL cocos 0.005 2 


1. Original schist-biotite, and. smaller amount of quartz, 
feldspar, carbonate, garnet, and minor minerals. 

2. Development of soda-lime feldspar, oligoclase, etc. 

3. Microcline and muscovite porphyroblasts. 

4. Albitization. | 

5. Hydrothermal development of quartz, epidote, apatite, 
zircon, sphene, chlorite, subordinate feldspar, and late tourma- 
line-bearing veins. ; 


It should be noted, however, that while some tiny crystals 
of zircon were observed, pleochroic halos around zircon grains 
in biotite suggest that some of the zircon may have been pres- 
ent in the biotite schist ànd formed prior to granitization. 


EXPERIMENTAL DATA. 


The procedures used in separating the ‘minerals have been 
described previously.” For the fine-grained granite 1700 g. 
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were ground to 1 mm., some less. ' Compositions of TM final 
samples used for helrum and radioactivity investigations were: 


as follows: 


Sample’ 
'Fine-grained granite-migmatite. 
Biotite, partly altered to chlorite. 
Larger crystals of biotite; hand picked. 
Muscovite; hand picked. i 
Muscovite, 95%, quartz and feldspar, 4%, biotite and chlorite, 1%. 
Quartz, 60%, plagioclose, 8796, orthoclase, 8%, chlorite, trace. 
Orthoclase, 95%, quartz and plagioclase, 5%. 
. (Magnetic) Chlorite, 48%, ‘biotite, 41%, feldspar, 6%, epidate, 2%, 
sericite, 2%, musccvite, 1%. 
8a Sericite, epidote, and feldspar, 65%, muscovite, 28%, quarts and feld- 
spar, 5%, blotite and chlorite, 2%. 
8b Feldspar, sericite and epidote, 49%, muscovite, 49%, apatite, 2% 
9 Magnetite and ilmentte, 68%, mixed quartz, feldspar, and sericite, 15%, 
— 10%, apatize, 5%, biotite, chlorite and muscovite, 2%, mineral 
x (brown, nearly opaque, birefracting). 


QD "5 QU 0 hy A 


9b Epidote, 68%, mixed epidote, feldspar and sericite, 28%, zircon, 2%» 


garnet, 196, sphene, 1%. 
9c Sphene, 80%, -muscovite, 8095, quartz and feldspar, 20%, mixed serl- 

cite, feldspar, chlorite, etc., 15%, epidote, 5%. 

11 Garnet near border of fine aplite dike, garnet, 95%, queris and feld- 
spar, 5%. 

12 Coarse-grained €——— E 

18 Hand picked, coarse muscovite. 

18a Hand picked, finely crystalline muscovite. | 

14 Muscovite, 80%, sericite, 259%, quarts and üdspar, 2596, epidote, — 

15 Quarts, 65%, plagioclase, (Abs Ani), 85%. 


- 16 Plagioclase, 60%, quartz, 40%. 


17 Microcline, 96%, quartz and plagioclase, 406.  ' 


Helium and radioactivity determinations have been made on ' 
all of these samples, and also on other samples of granite and 
pegmatite. The experimental results are given in Table II. 

` At first glance it may appear that the results on minerals 


“are uncertain due to the necessity of studying impure samples. 


Actually, however, it is possible to obtain good probable values 


. for most of the minerals. Zircon, for instance, in sample 9b, 


obviously determines the high helium content and high activity 
even though it is present to the extent of only. 2 per cent; and 
corrections for the other constituents, though minor, can 


‘readily be made using average values determined for relatively 


pure samples of microcline, biotite, muscovite and garnet. 


Quartz and plagioclase can be grouped together because of 


apparently little difference between the two, and their effects, 
as impurities are small. It is reasonably certain that the 
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eo eae Helium’ _ Activity Helium 
of Essential’ - .  ... Content Alphas/ Index 
Sample Constituents |. ,. ^ x10%c./g:. mg./hr. 80.7 He/a 
I Fine-grained migmatite ........." E556 6.15 28 
6, Quarts and plagioclase seis baton 185 '' 1.17 48.5 
T MISTOGLIG: situs A e eee” 1.47 1.81: 84.5 . 
| 4 Muscovite (hand picked) ........ "DR 1.865 "27 
5 Muscovite (heavy liquid) ....... | 726 9.46 24 
8 Biotite (hand picked) .......... | 88.4 -18.1 / - 78 
2 Biotite with chlorite ........:... - . 7.58 2224 . 10.8 
8. Bjotite, chlorite, epidote ........ 29 21.9 48 
éá Muscovite, epidote, felsles ...... 879. 49.2 27 
$b Epidote,, apatite, felsics -........ 875 (« 52.8 218 
9 Apatite, magnetite, ilmenite, gar- —— . 
. net, felsics Lage V RR d EV en 265. ~ 452 180 
- 9b Zircon, epidote, felsics .......... 2510 | 428 184 
9c Sphene, epidote, muscovite; felsics, Lo l 
' and chlorite .................. 265 19.5 - 418 
' CG Medium-grained migmatite .:.... 16.8 7.82 68 
- CP Asociated pegmatite ............ 0.58 0.78 . 28 
"12: Coarse-grained migmatite ....... 5.18 5.76 80.5 
15 Quarts and plagioclase .......... 0.47 1.66 - 9 
- 16 Plagioclase and quartz .......... 0.95 1.72 17 
IT. Mideroclhé ii RIDERE PS 0.18 | 252 1.6 
18 Muscovite (hand picked) . . 1.561 8.64 ' 5.7 
18a Muscovite (fine) ............. ee 18 149 80.7 
“14 Epidote, felsic8 ...............-. . 88.5 45.0 60 
- 11 Garnet (near border ‘of aplite. i Eos 
gg. * 8.47 886 


NES DE 
activity of sericite is comparable with feldspar from which it, 
may have been derived during alteration, and | by comparison 
with the related’ mineral muscovite a low value for sericite is 
also. suggested. ` This corisideration.leads to a probable value 
for épidote by using the data in samples 8a and 14. The only, 


other assumption that has to be made is that magnetite has an 


average retentivity? of 0.7, and that ‘the activity is comparable 
to that which it exhibita. in other r moderately active granitic 
rocks: . PIN ot E s | 


4 


Paleozoic aie Buchan, Nad. ... eis daa... = x 
Granite N. of Fort Rae, N.W.T. ........ sess. - 14.0 
— 18.8 


* P s ? & $ 9 P» SE 9 9 9 € » * & 9? 9 ? » 9 9 tre soe ^ ^ x o» on 


With these two Siou it is a — matter to.determine ` 


the activity and helium contents for all the constituent minerals. 
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"Thé values ealealated 3 in this. Ways: -and given in Table II; are 
| ' bélieved to be fairly | reliable: The orders of magnitude are con- 
E , sistent with recent results, and are self-consistent within them- A 
o selves. For example, the values in Table III may be used to 
©- °. calculate the helium éontents and activities of any of the -min-. 
: ^» , eral mixtures studied, with excellent agreement between calcu- 
ey — lated and expefimental values. . The only. exception is sample 
. 8b, and here the presence of. 0.00020, “per. cent zircon: would 
* account exactly for the discrepancy, both in the helium. content 


7o Cand in the radioactivity. i. ne À 
ROLE Col. U Tamam HILOS l. 
po " Radioactivities and, Helium Data for Chelmsford “Minerals. 
P: | MESE Activity | Helium Source of 
a Helium. Alphas/ ‘ Helium ,Reten- ' data . 
Mineral xl0*cc./g, mg./hr. : Index tivity Bano Nos. 
;. 4  —— "Micrócline .... /' 08. ^ —18 18 ^. . 0.05 TAT 
— , .Quartz and X MP" MCA Rc — 
, plagioclase ..., 11' “~ 15 4 ' 28 `. 009 6, 15, 16 
a | Müscovite .... — 148 , 15 29 —— S043; 4, (18), 18a 
‘ > Blotite ....... 88.56 ° 181 “>: 78 . ' 081 8 
(  -— . Chlorite ...... S011. 0245 - — 14: 0.006 8; sample 2. 
: Magnetic — 5 Y Dj A" - D 
i chlorite ....- 66 ^ 118 ` 18.. - 007 taken as 20% 
i $ ; biotite 
i Magnetite ” 10 18 à * assumed: valuet 
Epidote .... 820 .218, 46 - 018 8a, 1$ 
ET Garnet ..... Lo 408 ' 8.58 840 1.86 11 
P. Apatite ...... 4260 ^ "00 185 0.74 9, (8b) 
DA Zircon ....... 120,000 14,000. — '.260 1.08 ' 
Sphene ....... .. PAB. |: 8 - $55 8.82 9c 





i 1 Assuming age to be 250 M.y. = * 
J Brom average of active magnetites in granitic rocks; and average sellin. 
re — of oo sze ref. 6, = MET i 
, a 
- In the case of de d the: ‘percentages of the a accessories: 
^ ": (which are important in the present connection) ‘are’ only 
P - known approximately, and an estiniatión of the exact composi- 
ci i tion of the granulated samples. used in the experiment: was not o 
^. -attempted. Therefore the agreement between: calculation ànd ` 

" experiment, while not exact, is also consider) quite satisfac- 
— F tory (Table IV). : perc T | 


^ a » 
E - . e : k E 


me 


x t ú at 5c ‘ee 


Distribution of H cium: d Radioctcty i $n Rocks. . 8514 
"1a vcl — T. Qing IV. oC 0 loe 17 


"E - Contributions of "Mineral Constituents to Radioactivity of 


i 


2 _ '' Chelmsford Granite-Migmatite, | 














* (vo — E l E i Ji n : : CALME - Contri- 
RA e JEN — M mE bution . 
EE o l EE as . ss ae — ^ of Min- i 
Minerals. `, E a Ge | s eraltó , 
in órder of Per cent Helium ' 5. Activity , ` detivity 
V ' increasing '" of ` inlgofrock* -dn 1 g. of' rock of rock 
^. activity . rock > xl0%c./g. >  Alphss/mg. fnr. per cent 
Muscovite ...... 6 * |: 007 - (2 (08 C 1.9 
Quartx and FL Es d ES 
plagioclase .... 65 , . 032 -  ..,.. 100 . , 7284 — 
Microcline ...... 28 |. ^ 022 -. “ OBA > , + 1028 ^ 
Garnet ..... wees (OR. 008 ^ 0.00 
Sphene ......... 0.001 0.02 ` .. , 0.00 
Magnetite .....; | 0.02 `: 001. -' 5000, 
Bíotite and. 2 ee, EM ee 
chlorite ..... a o.7 000 ,.-  ',. 018 , 81 
Epidote....:....-, ll,  ' 852. ` ^ 7294 |. 548 
, Apatite ........ 0.001 ¿+ 0.04 0:01 3 6.2 
2o Tireon vasco oc «o € (^0 1890 ... 044 o BA. 
' ' ^' Granite (fine) . 00 7... 59 (cale) - AB (calc) 100 
Granite (flne) , "E E 555 (exp.) ^ ‘55: (exp) | ”, 
a Granite — E Kd (exp.) : 5.16 (exp) l 
: DISTRIBUTION OF. RADIOACTIVITY. , | | 
The distribution of radioactivity roughly ' parallels, that 
, , Observed in the Californian Lakeview, toate: and that sug- / 
gested by other studies; ad Ee E 
i dá , Lakeview . 
» E — — — 
Zircon ........ ssgo4exprisxse 14,000 A00 
, Apatite ...elsss eese TIO 86 
: AAA cia enis 8 . 266 
c Bpidole c ceusseseess ess es ¿IB E — 
Biotite .:...... D ORT ERE 
d 
M The — — are the ‘low. activity indicati for sphene 


``: im the Chelmsford migmatite,. ‘and the, high, activity indicated S 
|. for epidote in this rock. - Epidote is one of, the minerals formed 
‘during the late hydrothermal stage of the granitization process, 
as &re all of the' active minerals in the Chelmsford migmatite ; 
‘this suggests that the late hydrothermal fluids were relatively | 
highly. radioactive. Quartz and sphene separating: in these >, 
| later stages, may be low due to the phase equilibrium laws, gov-. . 
^ ee their separation in this particular cage to 1 L7. ME 
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The specific activity of zircon is by far the highest yet found 


for minerals separated from the normal range of granitic rocks. ` ' 


The activity of 14,000 corresponds approximately to & thorium 
content of 0.08 g./g. and a radium content of 7 x 10?.g./g. 


RELATIVE RETENTION’ OF HELIUM, 


The minerals giving a helium index close to the expected 
age of 250 M.y. are apatite and zircon, this in spite of their 
high activities and correspondingly high rates of helium pro- 
duction: Zircon, for example, contains 1.2’ cc. of helium per 
gram. This is a. remarkable quantity to have been retained 
during geological time, not only because of the escaping pres- . 
sure that such a-concentration cf helium would exert, but also 
because of the partial disruption of the zircon crystal caused 
by the radioactive distintegration that produced the helium. 
However, occasional high apparent retentivities of.some dense 
radioactive minerals have been noted elsewhere, and it has been 
shown in a theoretical treatment of “helium and interatomic 
forces in rocks” that close-packed structures of unaltered min- 
erals should be able to retain helium during. geologic time.’ 
' The results for garnet are only a little higher than the expected 
age. The difficulty in applying such encouraging results to age 
determination is the apparent unpredictability of the results. 
Zircon in the Californian tonalite, for example, has a helium 
retentivity of only 0.2 instead of 1. Aside from sphene, and 
to some extent, garnet, the retentivities for helium shown by. 
the other minerals:are of the order expected from previous 
work,? but somewhat lower; felsic minerals and those with cleav- 
age are now known to be of no use in determining age by the 
helium method. | 


*  EXTRANEOUS HELIUM. 


Helium nearly four times in excess of that expected through 
radioactive decày within sphene was found, and & small amount 
of extraneous helium in garne: is also indicated. While the 
data for sphene were obtained indirectly, considerations of the ` 
experimental data for sample 9c show definitely that some | 
extraneous helium is present. As in the case of the magnetite 
and ilmenite concentrate from Yellowknife, North West Terri- 
tory," excess helium is associated with a titaniferous mineral. 
The helium may have been formed by earlier radioactive pro- . 
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cesses not evident at the present time; or else helium may have 
been trapped during crystallization from the hydrothermal 
fluid. Another possible explanation in the present case is that 
garnet and sphene from the biotite-schist host rocks may not 
have been completely recrystallized during granitization ; in any 
case, considerable helium from the older rocks would be evolved 
during the process of hydro-magmatic invasion, which may be 
partially trapped during recrystallization. 


SUMMARY. 


(1) More than twenty/samples of rock and mineral concen- 
trates from the Chelmsford granite-migmatite have been studied. 

(2) A wide range of radioactivities was found for twelve 
. mineral constituents; a 10 ,000-fold contrast in activity and a 
150,000-fold contrast in helium content in zircon and feldspar 
were found. 

(3) Over half the activity of the Chelmsford granite is 
due to accessory minerals. . 

(4) Zircon and apatite contain nearly the expected helium 
for a Carboniferous rock, the former containing 1.2 cc. of 
helium per gram. 

. (5) As expected, feldspars, micas, and- alicration — 
exhibit low retentive properties. 

(6) Considerable excess helium is indicated to occur in 
sphene and a small excess in garnet, derived possibly from that 
produced in the host-rocks prior to granitization. 
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A UNIQUE. TOPOGRAPHIC EXPRESSION. 
h ds. " ROLAND BLANCHARD. EN 
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ABSTRACT. in Diamond — ential Nevada, the author some years 


&go noted that ponds of sodium sulfate consistently have. the greatest. 


thickness of cakes, and highest peripherally ridged-up soil borders, at the. 
north ends of the poncs. , Gentle northward slope .of the terrain. probably 

à accounts in large pars for the. condition, but: the phenomenon persists: 

'? `- locally also upon level or very gently southward-sloping terrain. A possible ^ , 
additional explanation io cover the latter ‘cases is offered, Further sugges- '. 
Hon to account for the phenomerion would bé. welcomed. AE > 


t 
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` PREFACE. K - 


: I 1922 the author examined & E sulfaté deposit in 


central Nevada, ‘situated i in Diamond Valley 25 to 80 miles 


northeasterly. from Eureka. Exploitation ofthe deposit was 


not proceeded with at the time; and the.incident passed from 
his mind. Recently the notes made by him have come to light. 


+ 
SM. ' 
+ 


The aùthor has. not been in America since 1990 and has no- 


knowledge of what may have taken. placé at the deposit since; ^. 
` then, but his ñotes emphasize a topographic feature so unique” 


that he feels its description ' may be p: interest to other - 
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OCCURRENCE OF THE — SULFATE. 


"The sodium; julfate occurs: in disconnected ponds near “the: 
“edge of a broad flat valley, about four miles from ‘the. nearest 
. foothills. The elevation is aproximately 6000 feet. When 


inspected by the author in 1922 the ponds ranged in size from 
Jess than 20 feet across to. irregular shapes up to'1600 feet in 
maximum dimension. They lay in'two main groups.or clusters 


Several miles apart, each group being contained mostly within, 
"an &rea.óne mile square. * In the respective groups the larger | 
ponds rarely were separated from one ‘another by more than 
'. 1000 feet. The ponds were basin-shaped, nowhere extending 


laterally. beneath the valley wash. ‘The wash itself consisted of 


. :* a loose, sandy desert soil into which the foot might sink from. 
one-fourth to one snch when walking, but: which nevertheless 


carried an appreciable intermixture of fine clay: particles. , 


in appearance the. sodium sulfate Was crystalline and trans" 


- 


lucent, resembling bluish-white ice. | It was ‘exceptionally pure, 


. freé of 1 iron, nearly free of sodium carbonate and clay, contar: 
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ing usually not more than 0.75 per cent NaCl. The clay 
washed out readily. 

Within a given pond the sulfate occurred both as large, solid 
masses and as irregular cakes of varving size; only in the 
smaller ponds were unbroken surfaces observed. The largest 
measured cake was estimated to contain 65,000 tons dry 
Na,SO, It averaged 45 inches thick, but locally was much 
thinner, and at one place exceeded 70 inches in thickness. More 
frequently there was present an aggregation of cakes which 
individually did not exceed 100 to-200 feet in maximum dimen- 
sion. The largest single pond was estimated to contain more 
than 100,000 tons dry Na,SO,. ` 

The time of inspection was August, when the earth probably 
had absorbed its maximum of summer heat. The sulfate cakes, 
not quite submerged, floated in a matrix of watery mud com- 
posed of desert soil saturated with sodium sulfate solution, 
which worked upward between and around the cakes, and 
locally overflowed onto and coated them with two to ten inches 
of a soft, white pasty coze, so that mud and ooze combined 
constituted variably 20 per cent to 40 per cent of the total 
pond surface. No layers of sodium sulfate were encountered 
beneath the floating cakes while testing the latter with jumper 
drills at coordinate intersections, but in the underlying ooze 
crystals of sulfate three to four inches long were studded thickly 
and promiscuously through it, decreasing and finally virtually 
ceasing with depth as th» ooze merged into thick mud three to 
six feet beneath the cakes. 

Whether the deposits represent old lake beds was not estab- 
lished. The ponds were not interconnected; they were local- 
ized as isolated shallow depressions in the sandy soil upon a 
flat, gently northward-sloping valley floor which did not at that 
place constitute a specific drainage basin or a readily detect- 
able, generally depressed area of the landscape. In testing with 
the jumper drills, numerous vents were tapped beneath the 
larger cakes from which issued strong bubbling columns of 
H,S. Old residents at the nearby Cox ranch stated that 
entirely new ponds more than 100 feet across had formed within 
their memories, and that smaller ponds sprang up in new places 
perennially without visible diminution in size or depth of adjoin- 
ing ones. Although it was not proved, there seemed no reason 
for thinking that the deposits might not now be forming in 
much the same manner as bog iron deposits are forming in cur- 
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rent geologic’ time. - Crystallization of the sulfate from the. 
underlying ooze in any event was taking place, because holes 
put through the cakes during the day filled with the watery 
fluid from beneath, which invarisbly crystallized out in part as 
sodium sülfate before morning. The amount of sulfate increased: 


'. notably with coldness of the night. This is in accord with the 


sodium sulfate-water solubility curve given in Figure 1, which 
shows that the solubility reaches its maximum at 38° C. 
. (91.4? F); and decreases rapidly with drop in temperature. 


Figure | MN 
SOLUBILITY OF Na;SO, IN WATER . 
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Fig. 1. 


. According to Fig. 1 (assuming no extraneous factors inter- 
vened) 81.7 per cent of the sodium sulfate in saturated solution 
at 33° C. would crystallize out through a drop in tempera- 
ture to 10? C. (50? F.), the normal temperature range between 
mid-afternoon and dawn during the summer months. Between 
33° C. and 0? C. (82? F.), 90 per cent of the sodium sulfate in 
solution would crystallize out. Temperature variations between 
the warm days and cool nights of the desert summer at that 
latitude and altitude, and in a larger way bétween the warm. 

summers and cold winters, thus would keep up a more or less ` 
perpetual precipitation of the sodium sulfate so long as the | 
' solution continued in supply. | 
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UNIQUE FEATURES OF THE DEPOSITS. 


Whether. representing old lake beds or current: deposits 
formed as suggested above, the occurrences in Diamond Valley, 
as described, aré not essentially different from sodium sulfate 
deposits elsewhere, except possibly for their purity. But two 
features relating to them are unique: l; without exception, 
Jarge or small, the crystallized sulfate cakes are thickest 1n the 
northérn half of the ponds. For example, a.cake that at the 
south end of a small pond might average ten inches thick, would 
average probably 18 to 20 inches thick at the north end; 
in a larger pond having correspondingly larger cakes, the thick- 
ness might be two to three feet at the south end and five to six 
feet at the north; 2, at the borders of the ponds, particularly 
around the larger ones, the soil is ridged up from two to eight 
feet above the valley floor, The bordering ridges mostly slope 
steeply on their inner sides, toward the ponds, and grade off 
almost imperceptibly, on their outer sides, into-the valley floor. 
Similarly, without exception, they are conspicuously higher 
at the northern than at the southern ends of the ponds: if the 
soil. and sand.is ridged up, say, one foot above surface of the 
pond at the south end, it is ridged up two to three feet at the 


north end; or, for the larger ponds, the corresponding figures’ 


might be three feet at the south end and six to eight feet at the 
north. The condition is illustrated in Fig. 2. No ridge was 


Figure 2 
REPRESENTATIVE CROSS-SECTION 
THROUGH 
A SODIUM SULPHATE POND 

Í DIAMOND VALLEY, NEVADA 
SHOWING 
CHARACTERISTIC HIGH NORTH BANK 
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Desert soll Mud, consisting of desert soil Crystallized mass 
saturated with sodium sulphate of sodium sulphate 
water, carving numerous crystals 
of sodium sulphate. . 


Fig. 2. 
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C seen that — seven to eight feet in height, didis | 
/' because the desert wind readily shifts dry, loose’ soil and. sand ' | 
.. that overtops the general level of the SERIE and other low, 
| desert vegetation. UT 2 Sar — 


— 


Ld PEGGESTED EXPLANATIONS. 


"Riding upward of the soil. around ‘borders of de m 18 » 


i difficult’ to explain: during: the. summer ‘the cakes floated. 
". in the soft,mud or ooze; and.as by accretion they grew in size . | 


and weight they’ igostatically displaced’ the ‘soft fluid beneath. 


F This fluid 'oozed upward between the cakes and i in part spread 


over them within. the ponds as already ‘explained, but’ tended 


|. more to escape around edges of the cake aggregates; resulting. 
. in formation of the peripheral ridges as the displaced ooze:and 
' mud dried. Development of the steeper slopes and greater ele-. 
2s vátion of the ridges on “their inner. sides, toward: the ponds, 


would be'the natural outcome, because iminediately at the pond 


"peripheries the. displaced ‘mud fluid would meet with less resist- ' 


‘ance in its upward surge than it would ' fárther. outward. 


. Inspection of Fig. 2 makes this clear. ." : 


"The explanation does not, however, account for the i invari- 
ably greater! thickness. of the, sulfate cakes, and invariably . 


ae greater height of the ridges, at the north ends of the’ ponds. 
... : The sand dune theory. has been advanced to explain the con- ` ' 
Ne T mm greater ridge heights at the north ends, but it, fails . 


because (1) the ridge pattern, with its steep inner: and flat 
outer slope, 18 as marked at the south, east,'and west as along 


. north. ends of the ponds; (2), sand dunes that have formed in 


more distinctly sandy: areas elsewhere in Diamond Valley do riot 


|. conform with the sulfate pond pattern described. | 


~ With the topography sloping gently northward, any. sulfate . 
solution issuing at the surface would meet initial obstruction to 


. ts flow by a clump of sagebrush ar whatever other soil. emergence 
| lay in its path, and would tend to pond on the south side thereof. 


“Through growth it would expand i in time into one of. the larger 


ponds, ‘slowly but steadily ridging up the soil around its bor-. 
- ders. Water in the pond would seek its level, and with: north- 
5  ward-sloping terrain the »pond's greatest . ‘depth: necessarily ` 


would be at its. north: end, with consequent increased thickness 
of cakes at that end. - Isostatic adjustment inevitably: «would 


— result, under such conditions, in displacement upward of: more 
soil around the northern oe D the = Done than elsewhere. 
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The explanation is ple: and is adequate for most cases. 

But not all of the ponds lay along locally northward-sloping 
terrain, though the general slope was in that direction. Transit 
surveys made at the time of inspection revealed that in numer- 
ous instances the surface is essentially level, and in one notable 
case slopes southward at 14° for a pond nearly 200 feet long; 
yet little if any measurable disparity could be detected between 
relative thickness of the cakes, or heights of peripheral bor- 
ders, &t the respective north and south ends in these instances, 
as compared with ponds of corresponding. size where the ter- 
' rain slopes gently northward. For example, in case of the 15^ 
southward-sloping terrain seven holes through the cake at the 
south end of the 200-foot pond averaged 13 inches deep; seven 
holes placed in corresponding positions at the north end aver- 
aged 2314 inches deep. The bordering ridge at the south end 
rises to an average height of 16 inches above the pond ; at the 
north end, to an average height of 87 inches. Even where the 
terrain slopes gently northward the thickness of cakes at the 
north ends of the ponds in more than one instance was greater 
than could be accounted for solely on the basis of topographic 
slope. . 

Manifestly, some causative factor has been operating inde- 
pendently of or in addition to the northward slope of the 
terrain. 

A possible platon may lie in the fact that at the lati- 
tude of central Nevada (89? to 40? N.) the sun always shines 
from the south. Greater heat absorption and radiation thus 
. would occur on the south slopes of obstructions, with conse- 
quent higher solubility of sodium sulfate during the day in: 
solutions at' the north ends of the ponds. "Tests made with a 
thermometer showed that, in mid-afternoon for ponds that 
exceed 20 feet across, surface.temperatures of the watery fluid 
at the north ends ranged from 8° to 8? F. higher than at the 
south ends, the discrepancies rising with amount of dark soil 
ridged along borders of the water’s surface. On the other hand, 
as result of the cool desert nights, watery surfaces of the ponds 
wherever tested at dawn were of uniform temperature at any 
point along their peripheries. 

Preferential solar heat absorption and radiation along the 
north borders of the ponds thus may have been an important 
and possibly vital factor in development of the Diamond Valley 
phenomenon where the terrain is level or where locally it slopes 
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~ DETERMINING FACTORS IN THE 
COLORATION OF GRANITE SOILS IN 
THE SOUTHEASTERN PIEDMONT. 


_ WILLIAM A. WHITE. . 


ABSTRACT. Through its control of internal drainage, jointing also con- , 
trols the alternation of oxidizing and reducing conditions in the soll. Red 
soils develop on closely jointed granites because they have good internal 
drainage and oxidizing conditions prevail in them. Yellow soils develop 
on sparsely jointed granites because they have pcor internal drainage and 
reducing conditions prevail in them during a large share of the tíme. 


HE determining factors involved in tke genesis of the sev- 
eral types of residual soil which commonly develop on the 
granites and gramite gneisses of the southeastern states have. 
posed somewhat of & problem to geologists and soils scientists 
working in that region. Among such factors those which pro- 
duce the differences in color have been the most difficult to 
explain, and it is with them that this paper is concerned.. 
In general, granite soils may be divided into two color 
groups; such series as Cecil end Surry being red while Appling, 


^ Durham, and Louisburg are vellow or yellow with gray topsoils. 


The determining factors in the development of the several soils 
in each of these two color groups is largely a matter of topo- 
graphic position, drainage and similar factors which have been 
generally recognized, but the reason why the soils of one group 
are colored red by ferric oxide while those of the other are 
colored yellow by ferrous oxide has remained inscrutable. Fre- 
quently a single rock body without showing any perceptible 
difference in lithological character will be overlain by a patch- 
work of red and yellow soils which show no apparent rhyme or 
reason in their distribution. Furthermore, both red and yellow 
soils can be found on a number of differert granitic rocks 
which are quite variable in mineralogical composition, particu- 
larly in so far as their iron-bearing accessory minerals are 
concerned. | 

Field evidence observed by the writer suggests that frequency 
of jointing in the underlying rock is the deciding factor in 
determining the color of the soils. Through its effect upon 
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— drainage tbe jointing. appears to control the extent of 


oxidation and consequently the color of the iron compounds. : 


In areas of intimately jointed rock, peréolationi is facilitated by: 
the interconnecting joints, and weathering is accelerated by the 


( — alternation of wet and dry conditions. In dry periods 


the joints are occupied by air, and during wet periods they serve ' 
as arterial avenues for the downward movement of rain water 
carrying oxygen in solution. After the rain water has passed 
. down to the permanent water table. a fresh: supply of air enters 
the joints replacing that which was displaced by the water. ' 
"Continuing repetition ‘of this process. creates an environment | 
conducive to deep weathering and complete oxidation. . The ` 
iron is.converted to the ferric form coloring the soil red. l 
In. j"unj jointed rock masses, on the other hand, downward mové- 


ment of rain water is restricted to intergranular cracks and - 


other minute and discontinuous openings. Consequently, deep |. 
percolation 1 is restricted or absent and. ‘the zone of saturation  ' 
remains near the surface for longer periods of time after rains. 

This lag in drainage is augmented by the fact that mature; 


' yellow soils usually occur on areas of low relief and therefore 


have somewhat . poor horizontal drainage along the bedrock 
surface. .During such prolonged wet periods redücing condi- | 


', tions prevail and partially negate the tendency toward oxida- 
«tion, Consequently the iron adopts the lower oxide or ferrous 


form and colors the soil yellow. uu — E 
Innumerable:observations in road cuts have: attested the 


validity of assigning the red color to aoils developed upon 


intimately jointed rocks. The yellow soils are best seen in rela- - 


. tion to their parent rocks in the many granite | quarries of the 
region. Dimensron-stone quarries are characteristically. sur- 


rounded by yellow soils demonstrating the relationship between . 
unjointed rock masses and yellow ‘soils. | 

Road cuts showing bedrock’ are more numerous in areas ‘of 
red soils than in areas of yellow ones. However, this is a. fur- 
ther argument for the relationship, between closely spaced joint- 
ing and red soils. The Piedmont is. a slightly dissected plateau 
with largely subsequent drainage. Dissection has apparently 
followed zones of more closely spaced joints and road cuts aré 
of course more common in such cupeectec areas than in. the. 


E . undissected. divide areas. 


"The large flat areas mantled by the’ oiu: and Appling si ser- ` 
ics — more highly developed of the yellow mn appear on 
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the undissected peneplane remnants ; a fact which suggests that 
such areas have superior resistance to dissection because of the 
unfractured rock which underlies them. 

In this connection it is interesting to note that young granite 
soils such as the, Louisburg series usually grade laterally into 
soils of the yellow group, and yellow soils form the dominant 
cover around granite monadnocks. They invariably surround 
erosional domes such as Stone Mountain in Georgia and its 
many smaller counterparts throughout the Piedmont of Georgia 
and the Carolinas. The unjointed character of such granite 
and gneissic domes is a patent fact. 

If the conclusions reached in this paper are true, they should 
provide a valuable aid in the search for ground water in the 
southeastern granite areas, for the red soils should furnish a 
guide to the fractured areas where successful drilled wells may 
be located in bed rock. 

An attempt was made to correlate soil types with produc- 
tion data from drilled wells but very little classifiable data 
could be obtained. It may be said, however, that the scanty 
records available tend to confirm the thesis of this paper. Those 
wells which had been drilled into granites underlying yellow 
soils had generally proven failures while those in granites under- 
lying red soils usually gave satisfactory production. 

Further evidence for the unjointed nature of the rocks under- 
lying yellow soils may be found in the fact that water tables 
characteristically stand higher :n them and they remain wet 
for longer periods following rains. 

The bulk of the writer’s observations have been made in areas 
of granite and definite conclusions apply only to granite soils, 
but it is quite possible that further investigation may discover 
similar relationships between soil color and jointing in other 
rocks. In the case of the “Carclina slates” which are largely 
metamorphosed acid tuffs and lavas there is some reason to 
believe that the relation between jointing and soil color is simi- 
lar to that of the granites; the red soils developing upon frac- 
tured rock; the yellow soils on unfractured. 


Drviston or MINERAL Hisce : 
N. C. Deer. or CONSERVATION AND DEVELOPMENT, 
RALEIGH, Norre CAROLINA. 
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i um URING the field —€— 1948, — observed-in the. 
ES ‘bed of Salmon River, eastern Quebeé, a number of. reddish 
Ei : uei Examined, these proved to be.of brick; ‘and all were 
| od - well rounded (Fig. 1), It was evident that if the history of 
 7'. these pebbles could be. traced, they might yield Quanti 
:':. dsita,on the. conditions required for rounding. Yee 
— Balmon River, a tributary of St. Francis River, runs ostio 
CA through’ the eastern part .of the. Scotstown.. quadrangle, longi- 
e pus J ` tude ‘71° to 719.80", north latitude 45° 380 to 45° 45%, in the- 
s.c. Eastern Townships of Quebec. Scotstown, a small manufactur- 
¿"aa 7* >, ing center, is situated on the river near the south boundary of | 
— the quadrangle. At Scotstown the river is 90 feet wide; and. 
M Xu ee s Sg) low water: has an average depth of 12 to 18- 8 inches ; in times: 
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of flood the depth may attain 6 feet, or even more. Below the 
village the river 18 one long rapid for about two miles, with a 
fall approximately of 40 feet per mile. The pebbles were 
observed almost exactly half a mile below the bridge at, the 
village. 

'The pebbles are fairly numerous, hence must have had some 
source of abundant supply. As the village houses, with one or 
two recent exceptions, are all of frame construction, except of 
course for the chimneys, this rules out the possibility of the 
fragments being tossed in the water by small boys. 

Just above the present bridge is & boiler-house built of 
brick at some time prior to 1910; and at first sight it seemed 
as if the brick fragments under discussion had most probably 
fallen into the river during its construction. Further inquiry, 
however, ruled out this possibility also. 

According to Mr. John Taylor, one of the oldest inhabitants, 
a short distance below the present bridge there was a concrete 
dam, above which a lumber company built a brick stack on the 
shore of the river, some 60 years ago. - After some 15 years, 
the company ceased operations, and the stack was wrecked and 
allowed to fall'on the bank; and the bricks were sold to persons 
needing them for building. Some 20 or 25 years ago, accord- 
ing to Taylor, there was a big flood, so high that the water 
flowed around the ends of the dam and cut deep channels. 
Taylor stated that 16-foot logs were carried through these 
channels, on end; but making all allowances for pardonable 
exaggeration, it is not difficult to believe that the ground was 
gullied to perhaps 7 or 8.feet. The flood appears to have car- 
ried away the remnants of the stack. 

Tavlors story was corroborated by the manager of the 
Guelph Cask Veneer and Plywood Company. According to 
him, the flood occurred at some time after he returned from 
the Great War in 1919. It washed out a bridge maintained by 
that company at or near the dam; and the bridge was replaced 
' the following year. Reference to the books of the company 
showed no mention of the expense of replacement in 1923 or 
later; as further investigation would have required digging out 
. older books from the vault, the writer did not press it. Obvi- 
ously, however, the bridge must have been replaced not later 
than 1922, so that the flood must have taken place in 1921 
or one of the two previous years—22 to 24 years ago. 


" than half a mile downstream. AE. 
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The concrete dam mentioned wás áintalned" by the ical 


- electric light company till 1926 or 1927. At that time, power 
was brought in from a distance, and the need for its production 
“Jocally ceased. The dam was thereupon destroyed. - 
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This dam would certdinly have barred. the passage ‘of brick 


fragments 'as long as it existed, except during the big flood ; 
" and, as mentioned, the flood also seems to have carried into 


the river the remains of the old stack. If the inferences are ` 
cortect, then thorough rounding of the fragments occurred in 
less than 25 years, in the course ofa inovement of slightly less 
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ABSTRACT. The Chilhowee group and Ocoee series of^the Southern 
Appalachians are defined, their formations are listed, and their distribution 
and structural relations are briefly described. Published reports covering 
. the area described are reviewed and discussed, and the confusion which 
has arisen from the misuse of formation names and the errors in age 
determination of the rocks are pointed out. The problem of the correlation 
-of the formations of the Chilhowee group with other Lower Cambrian for- 
mations is discussed. Evidence is presented to show that the Ocoee series is 
not Cambrian, as heretofore believed, and that its formations are not equiva~ 
lent to Cambrian formations of the Chilhowee group; that the Ocoee series 
is of late pre-Cambrian age; that it is equivalent in age to the following late . 
pre-Cambrian rocks:—Mount Rogers volcanic series in ‘southern Virginia 
and northern Tennessee and North Carolina; the Lynchburg gneiss in Vir- 
ginfa and North Carolina; Fauquier formation and Catoctin basalt in 
northern Virginia; Swift Run tuff and Catoctin basalt in northern Vir- 
ginia and Maryland; Talladega series in Alabama and Georgia. 


INTRODUCTION. 


A WIDE belt of quartzose sedimentary rocks forms the 
northwest border of the Appalachian Mountains from 
Holston, Cherokee, and Buffalo Mountains, Tennessee, south- 
westward across Tennessee and North Carolina into Georgia, 
and lies southeast of the Great Valley. The quartzose rocks 
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are in part. Lower Cambrian i in age and i in part E 
They ; were mapped in Tennessee béfore 1869 by Safford,’ and 


| : . ‘later were mapped and described in North Carólina,. Tennessee, 


and Georgia im eight geologic folios of the U. 5S. Geological . 
Survey and in other reports of. the Federal and Státe Surveys. 
In these reports the age designation and the correlation of the 


stratigraphic units of these quartzose rocks vary greatly. This 
“paper is an attempt to élarify the stratigraphy and to, rectify ' 
= : some of the errors of correlation contained im previous. reports, . 


and is not intended as a criticism of the work of. geologists who 
have previously studied the prd — 


— 


FIELD ¡WORK IN- THE AREA, . 


| phis paper i$ based on data from published geologic maps 
and from manuscript maps on file in the-U. S. Geological Sur- 
` vey and on field work by the writers. ` In 1898 the senior author. 
studied and mapped:a.small area in the northwestern part. of. 
. the Mount Guyot quadrangle for the U. S. Geological Survey. 


During the first World War he studied part of the belt in con- 


nection with manganese investigations. In 1930-81 both 
writers made a field study of the:belt during à reconnaissance ' 


‘of the, Southern Appalachians from Virginia to Alabama in. 


S p the ‘preparation of the geological map of the United States for * | 
` "the U.S, Geological Survey, which: was published in -1988. 


During the last ten years a large part of the writers” field work 


thas been in the Appalachian Mountains of southern Virginia 
_ for the Virginia Geological Sürvey: They liave made a geologi- ` 


cal survey of the Blue Ridge Parkway in Virginia and North: 
Carolina - for thé U. S: Park Service, and have done fürther 


, ` detailed’ field work in the northeastern ' part’ of Tennessee and 
‘North Carolina for the purpose of extending southwestward the 
stratigraphy and structure which they — worked zu in detail | 

iD southern Virginia. er a 


` t 
y i y 


f ORIGINAL DEFINITION OF ROCK UNITS. 


Safford? divided the: quartoze recks of southeastern "Ten- 
nessee into three divisions.- The rocks in the northwestern part 


of the belt he called, Chilhowee sandstqne, and later Chilhowee 


!Safford, J. "Ma 1856, A geblogical reconnaissance of — First 


_, Biennial Report of State Geologist, ' ‘pp. 151-152; 1868, — of Tennessee, 


Rept. of the State Geologist, p. 188. 
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series, of Lower Cambrian age. In this paper these rocks will 
be called the Chilhowee group. The rocks that form the larger 
part of the belt Safford called the Ocoee series of Eozoic age. 
On the southeast side of the Ocoee series he described the meta- 
morphic group, in which are included rocks that he referred to 
the Ocoee series and granite gneiss, which he believed to be 
probably older than the Ocoee series (p. 177). 

Safford’s® type section of the Ocoee series is along the nar- 
rows of the Ocoee River in southeastern Tennessee. He de- 
scribed the Ocoee rocks as coarse, dark conglomerate and dark 
slates of semi-metamorphic aspect, and said that the dark color, 
the coarseness of conglomerate, the predominance of slate, and 
the metamorphic character of the Ocoee series are the basis of 
separation from the Chilhowee group, which is characterized by 
sandstone and white quartzite. On his map of 1869, Safford 
showed the Ocoee series as extending from the southwestern part 
of the Roan Mountain quadrangle along the mountain belt of 


southeastern Tennessee to the Georgia state line, south of 
Ocoee River. | 


GENERAL DER CRIPTION, 


Fig: i shows the extent of the area of quartzose rocks 
described in this paper and Safford’s division of these rocks 
in Tennessee into the Chilhowee group, Ocoee series, and meta- 
morphic rocks, as given on his map of 1869. Except in certain 
places in the northeastern part of the area, the writers agree 
with Safford’s mapping. Fig. 1 shows also the name, number, 
and author of the published geologic folios and the name and 
location of quadrangles that have been mapped in preliminary 
form but have not been published. 

Fig. 2 shows the extent of the Ocoee series and the Chil- 
howee group based on previous work of others and the inter- 
pretation by the writers. The belt of Ocoee rocks begins at 
the north at a point southwest of Buffalo Mountain in the Roan 
Mountain quadrangle and extends soutliwestward into Georgia, 
to and beyond Cartersville. The rocks in the western part of 
the belt are stratigraphically continuous from the northeastern 
end to the gorge of the Ocoee River, Tennessee, which is the 
type locality of the Ocoee series. The northwest border of the 
Ocoee series is a great thrust fault on which the Ocoee series 


* Safford, J. M.: 1856, Op. cit. pp. 151-152; 1869, pp. 188-189. 
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_ has ridden northwestward. over the Lower Cambrian Chilhowee 
group and younger Paleozoic rocks of the Great Valley. ‘In 
the area extending from southern, Tennessee “to Cartersville, 
` Georgia, Hayes* named the bounding ‘fault the Cartersville 
thrust. At a much later date Keith" named this fault in. south". 


E >) = 


Fig. 1. Index map of the -Southern, Appalachian Mountains, showing 
quadrangle names and authors of reports. ‘It shows also the extent of 
the quartxose rocks described in this paper and the distribution of the,- 
Ocoee series in, Tennessee as mapped by J J. W. Safford, 1869. ' 


ern (enmicssea the Great Smoky overthrust. ' ‘The "southeast - 
boündary of the belt of the Ocoee series is in large part an over- 
thrust, on which equivalent and older rocks have ridden north-: 


— westward over the Ocoee series. In northern . Georgia and . 


* Hayes, C. W.: 1691, Overthrust faults of the Appalachians: Geol. Boc," 
Amer. Bull, Vol. 2, pp. 147-149. l 


* Keith, Arthur: 1927, The Great — overthrast abstract: Geol. Soe.” 
Amer. Bull, Vol. 88, m 154-188. - 
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southern ‘North Carolina La Forge and Phalen® named this 
fault the Tusquitee overthrust, and the writers here use the. 
name 'lusquitee for the extension of the fault northeastward 
and southwestward from the place where it was named. The 
age and stratigraphic. relation of the Ocoee series to adjoining 
formations, of both older and younger age, will be discussed 
in this paper. 


DISCUSSION OF PUBLISHED REPORTS. 


In his paper on the Cartersville thrust, Hayes’ described 
the Ocoee series from the vicinity of Hiwassee and Ocoee Rivers, 
Tennessee, southwestward in Georgia to a point 50 miles south- 
west of Cartersville. He concluded that the age of the Ocoee 
series cannot there be determined because the rocks &re thrust 
northwestward on a great fault of unknown displacement over 
Paleozoic rocks. Shortly after this paper by Hayes, the U. S. 
Geological Survey published three folios* which cover parts of 
the Ocoee series and the Chilhowee group. The formations that 
Hayes and Keith? recognized, as DEDI in these folios, are 
given in the following table. 

In the Cleveland folio Hayes correlated the quartzose rocks 
of Beans and Starr Mountains, Tennessee, with Lower Cam- 
brian rocks of Chilhowee Mountain in the Knoxville quadrangle, 


‘and used for those rocks the same formation names that are 


used by Keith in the Knoxville and Louden folios. He mapped 
And described the Ocoee series at the type locality in the gorge 
of Ocoee River, and showed that the Lower Cambrian rocks of 
Beans and Starr Mountains are overridden on their southeast 
side by the overthrust Ocoee series, and that on their northwest 
side, these Lower Cambrian rocks are overthrust on Paleozoic 
rocks of the Great Valley. As to the age of the Ocoee series 
he stated that no fossils have yet been found in these rocks and 
that they are separated by a great fault from rocks of known 
age, *but since they bear all the marks of extreme age, it is best 
to consider them Algonkian until satisfactory evidence to the 
contrary is found." 

‘La Forge, Laurence, and Phalen, W. T.: 1918, U. S. Geol. Survey, 
Geological Atlas, Ellijay folio (No. 187), p. 9. 


' Hayes, C. W.: Idem. l 
* Hayes, C. W.: 1895, U. S. Geol. Survey, Geological Atlas, Cleveland 


. folio (No. 20). 


? Keith, Arthur: 1895, U. S. Géol. Survey, Geological Atlas, Knoxville 
folio (No. 16); 1896, Loudon folio (No. 25). 
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Table of Formation Names of the Chilhowee oon ‘and Sy 
E - Ocoze Series—Keith and Hayes. : 
 Thicknesses: and descriptions are from. the Knoxville folio. 


y! 





‘Chilhowee group . Thickness z ; M " 
- (Lower Cambrian) - Feet E poo (vo : 
Hesse quartsite 500% Massive white quartzite 
> Murray shale E . 800  : Gray sandy shale - — 
, Nebo quartzite i 500 Massive white quartsite 
Nichols shale — . -| 500-800 l Gray sandy shale 


FEE d Ocoee series 
^. *.:.. (Age unknown) |... 


Cochran conglomerate >. ,1,200-1,000 | Massive white quartzite with 

ME HP. ' conglomerate at base 

Sandsuck shale and Starrs, | CRUS 
, conglomerate lentil — |. 1,000 ` ‘Gray ao Shale and 
` ' | Ae “conglomerate .  ; 


P4 





Gray quartzite, and conglom- 


` 


f 
* 


4 
, 
^ 


+ Clingman conglomerate 1,000+. 

"d ` ". um . ,erate . 

" Haselslate. ^ ^. 600-800 Black slate with’ thin quartaite 
Thunderhead conglomerate | 8,000+ Gray quartzite and coarse eon- 
s d MES a glomerate , 
Cades corglomerate | 2400 Gray quartzite, fine c 
l PE P erate, and slate . 
Pigeon slate - | 1,800-1,700 | Dark banded slate and — 
"M. E | bedded quartaite beds c 
Citico conglomerate , 50-800 | - | Coarse massive conglomerate 

prs . RN to fine quartzite 
:Wilhite slate ` . | 0-1,000 Bluish-black slate. with lenses. 


D ae a * FEES « | 10,0002 


of argillaceous limestone and 
- Hmestone conglomerate 


o 


|. "The Chilhowee group. and de series mapped by Keith in. 


If the Knoxville folio (1895) and Loudon folio (1896) cover an 


- area 20 to 50 miles along the strike northeast of the Cleveland 


quadrangle. When Keith wrote the ‘Knoxville and Loudon . 
folios ‘he believed that the Ocoee series was of Silurian or later. 
Paleozoic age* because in the Knoxville quadrangle he found 
Ocoee rocks overlying Knox dolomite of Ordovician age, and in 


the structure sections showed, the Ocoee series. overlying ‘the | 


Knox dolomite in normal stratigraphic sequence; and in the 


- Mount Guyot quadrangle he!’ found the Ocoee rocks. overlying 


quartzite which, at that time, he considered to be of Silurian 


* Subject of general estan in Washington at the time.. G, W. Stose. 
9 Keith, Arthur: Manuscript map of the Mount Guyot quadrangle: U. S: 


Geol. Survey files. 
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"d ape. . In the Knoxville and Loudon folios Keith did not express 
his opinion that the Ocoee series is Paleozoic in age but called 
it of age unknown. Keith’s opinion, however, is expressed by 
Hayes" in the following quotation: “the work of Willis and 
Keith in east Tennessee, however, : has firmly established the 

. position of a corresponding group in the Big Butt range and 

east of Chilhowee Mountain as. belonging to the upper Silurian 

and the rocks are continuous from one region to the other.” 

In the same paper Hayes writes “Assuming the age of the semi- 

metamorphic series [Ocoee] to be Silurian . . .” and ‘in a still 

f later place in his paper hé refers to the “Silurian Ocoee. slates.” 

* . In 1895; however, Hayes did not bélieve that the Ocoee series 
is of Silurian age, for, in the Cleveland folio,’ ‘he called them of 
probable Algonkian age. Becausé Hayes and Keith did not 
agree on the age of the Ocoee series, it was designated by the 
U. S. Geological Survey in the Cleveland; and and Lou- 
‘don folios as of age unknown. - | 

After the publication of these three folios, .C. R. Van Hise, 
who was at that time Geologist i in Charge of geological investi- 
gations in the Southern Appalachians in the U. 8. Geological 
Survey, held a field conference with Hayes, Keith, and J. A. 
Holmes, at which G. W. Stose was present, to determine, if pos- 
sible, the relations of the Ocoee séries to rocks of known age. 

. 'The:conclusion reached by thé: conference was that the Ocoee ' 
series may have been overthrust on the Knox dolomite and 
younger Paleozoic rocks in areas where Keith had observed 

‘them in apparent normal sequence. To test this assumption, 
Van Hise assigned G. W. Stose, in 1898, to survey a critical 
area southwest of English Mountain i in the Mount Guyot quad- 

rangle, where Keith had mapped the ‘Ocoee overlapping Ordo- 
vician and Silurian strata. Stose’s work'? in that locality 
showed that the rocks of the Ocoee series are thrust on a low 
angle fault over Cambrian ànd Ordovician strata of the Great. 
Valley and that they do not rest on these Paleozoic rocks in 
normal stratigraphic position as was believed by Keith; and 

, that the fault block was later folded and eroded, producing 
deep re-entrants in the fault-trace and giving rise to outlying ` 

. - remnants of the fault block. This evidence and conclusion | were 
accepted by Van Hise and Keith. E uo de 1 
+2 Hayes, C. W.: 1891, Idem, p. 149. | 


* Stose, G. W.: 1898, Manuscript geologic map of part of the Mount 
* Guyot quadrangle, ———— U. $. Geol. Survey Mes. 


1 


E 6 . E — W. Stose and Anng J ones Stose—The Chilhowee 


pa beneath the Ocoee series in "Tuckaleeche, Wear, and 


Cade. Coves and other coves in the Knoxville quadrangle become > 


- - windows in the folded low-angle overthrust which, emerges at the 
° “west. foot of thé Great Smoky Mountains. In the Knoxville 
“folio (p. 2), although Keith stated. that the Willite slate is 


. Under this interptetation, the: areas of Knox dolomite $ 


x^ 


“particularly altered by- cleavage and schistosity around Wear . 


^, and Tuckaleeche Coves,” he considered that this alteration was 


produced by “squeezing and stretching” and did not recognize 
that it was the effect of' movement on the sole of an overthrust. 
"In papers published in 1902-04,@Keith® briefly described great. 


folded.overthrusts with fensters in the Southern Appalachians, © 


- indicating that at that time he, acknowledged the overthrust .. 
“¿relation of the Ocoee series to the Paleozoic rocks in. the ' 
"Mount Guyot, and Knoxville quadrangles, In a later paper 
` ‘Keith’ named the major fault in this’region the Great — 

overthrust and stated his, views ‘as follows : | 


“The plane of the: overthrust dips. gently avd ig defóried 
‘by later folds and ' faults of great size. Erosion through’ the 5 
thrust plane now exposes Ordovician rocks in windows sür- ` 
rounded by the overthrust Cambrian [Ocoee] rocks. No’ less 
— than 10 windows form. & chain in tlie Great Smoky Mountains 
( . ona, northeast-southwest aritieline a Cade, O: 


oe t and Wear , Coves." ! 


The Ocoee rocks | páss E Bos the. Knoxville into . 


„and across the Nantahala quadrangle. , In, the: Nantahala + 


folio!5 Keith called the rocks ofthe Ocoee.seriés Cambrian, as 
he previously had done'in the Asheville folio, which was pub- . 


LM lished three years éarlier. Keith’s usage of names for forma- 


` tions of the Ocoee series and-of the Chilhowee group in the Ashe-" 


" ! "ville and adjoining quadrangles ‘will be discuásed later. 


: In the Nantahala folio Keith not only assigned rocks. of the 
eos series to the Cambrian but hé renamed them, and gave no ` 
| reasons for. the change, of age and of formation names. ; He | 


' Ð Keith, Arthur 1902, Folded faults d the Southern Appalachians: 
` Science, N. S.; Vol. 15; pp. 822-828, abstract; 1904, Internat. Geol. xi il 
Vienna, Comp. Rond, pp. 041-546. . ' 
- 14 Keith, Arthur: — Op. cit. ucl Geol. Soc.. Amer, Vol, 88, No. 1, t 
opp. 154-55. if 
5 Keith, Arthur: - ‘1907, v. 'g. “Geol. — Geological Atlas, Nentuhale 


E folio (No. 148). 
^0 ," Keith, Arthur: 1904, U. S. Geol. Survey, Geclogical Atlas, “Asheville "" 
folio (No. 9). E ES 
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applied the name Great Smoky conglomerate to the Thunder- 
head and Cades conglomerates; the Hazel slate, which overlies 
the Thunderhead, he renamed the Nantahala; and the Pigeon 
slate, which underlies the Cades conglomerate, he renamed the 
Hiwassee slate. Hiwassee slate at the base of the series is 
mapped only in the northwest corner of the quadrangle; else- 
Where in the quadrangle the Great Smoky conglomerate is 
mapped at the base and rests on what he called the Carolina 
gneiss. In this folio he describes other formations above the — 
Nantahala slate which he called Lower Cambrian also. They 
include the Tusquitee quartzitg, Brasstown schist, and Valley- 
town formation.' Where seen"by the writers, the Valleytown 
formation resembles the finer-grained graywacke and arkose of 
the Great Smoky conglomerate. Bayley*’ also noted the 
resemblance of these two formations to the south, in Georgia. 
The Brasstown schist is a black graphitic staurolite schist which 
resembles the Nantahala slate. The Tusquitee quartzite is a 
white quartzite which may represent similar quartzite in the 
Clingman conglomerate. Because these three formations more 
closely-resemble the lithology of the rocks of the Ocoee than 
they do Lower Cambrian formations, the writers tentatively 
regard them as part of the Ocoee series. 

In the Nantahala folio Keith mapped also as Cambrian three 
other formations, which he placed above the Valleytown forma- 
tion in the following order, from the base upward: Murphy 
marble, Andrews schist, and Nottely quartzite. The writers 
agree with Keith that these-three formations may be Cambrian, 
but they are not convinced that they are part of the sequence 
which includes the Valleytown and associated formations. ‘The 
writers suggest that these three formations may be exposed in 
windows in the Great Smoky overthrust block that contains the 
Valleytown formation and other members cf the Ocoee series. 
They suggest also that the Nottely quartzite is the lowest, and 
the Murphy marble is the highest of these three formations. 
The calcareous and ferruginous Andrews schist may be tran- 
sitional beds between the Nottely quartzite, which might repre- 
sent the Erwin quartzite, and the Murphy marble, which might 
represent the Shady dolomite. 

In the Ellijay quadrangle, which lies southwest of the Nan- 

" Bayley, W. S.: 1928, The Geology of the Tate quadrangle, Georgia: 
Georgia Geol. Survey, Bull. 48, p. 68. 
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E ^. .nificant,. however, that both La. Forge and Bayley stated that. ' 
- these. so-called Cambrian. rocks are ime of Safford's Ocoee 


ka E 


E tahala, La Forge a Phalen?* extended. Keith’s mapping of 


formations into Georgia and called all the formations Cambrian’ 


for the reason, that “they are an alternating series of shales^ 
B and sandstones which do'not differ from Lower Cambrian. _ 
: sales. and sandstonés.” - In the report on the. Tate quadrangle, a 

^ which lies south of the Ellijay, Bayley” also followed the same : 


-` dsage of formation names and age determinations. It is sig- 
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row band southwestward from the Nantahala quadrangle ACTOSS .' 


- the Murphy, Ellijay, and Tate quadrangles. In’ ithe Ellijay i 


quadrangle La Forge places. faults on both sides of the belt 


‘composed of these two formations, and in his Fig. 5, page 9, ^ 


“shows the extension of these faults northeastward into the 
Murphy and Nantahala ‘quadrangles arid southwestward into 


, the Tate quadrangle. The fault on the northwest side he called : 


the Murphy fault, and.the one on tlie southeast, side, the White- 


. stone fault. He shows a photograph (his: Fig. 8) of the Hn 


ep? 


Whitestone fault at Whitestone, Georgia, where the overthrust, 


_Nantahala slate rests on-the Murphy marble.: In the report. 


on the Tate quadrangle Bayley states (p. 122) : that the White- ' 


stone, fault of La Forge “is believed to pass into the Tate quad- 


exposures or cutting out the belt completely,” and. “folding east 


. of the fault line brings the marble to the surface at several 


“places where it is entirely surrounded, by siliceous schist.” 


Neither La Forge . nor Bayley. stated that the Murphy marble, 


l rangle and become: the dominating ' cause of the distribution ' 
. of most of the marble [Murphy] in the area. ””. "As evidence ` 
= of faulting he says (p..78) “In some places the fault crosses . 

' the strike of. the marble diagonally, thinning. the width of its - 


Q 


and Nottely quartzite are exposed in windows in a fault block, - 


"but their-descriptions of, the fault contacts and the structural 


. ' relations of the marble and quartzite to.the other rocks sup- 


. port the writers’ suggestion that the Murphy marble and 


$ 


Nottely quartzite: may be exposed in.a window in the overthrust . 


Ocoee series. To establish the correct stratigraphy, age, arid 
‘structural’ relations of the, Murphy marble, Andrews: schist, 


. 1 La Forge, Leürence, and Phalen, W.. T.: ‘Tdem. a °° E 
* — W. S.: 1928, Idem. f ' . 
i 
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and Nottely quartzite, more detailed field study of the area 
18 needed. 

^. In the Dalton and Cartersville — Georgia, which 
he west of the Ellijay and Tate quadrangles, Hayes, in his 
paper on the Cartersville thrust, mapped all the rocks in the belt 
east of that thrust as Ocoee. Ina paper on the Talladega series 
and on the geologic map of Georgia, Crickmay” separated 
these rocks into two groups. Those in the southeastern part 
of the belt he called the Talladega series, of probable pre-Cam- 
. brian age; those 1n the northwestern part of the belt he called 
the Ocoee series, of Cambrian age. -He placed the line of sepa- 
ration along a fault which branches from the Cartersville fault 
of Hayes and extends northeastward. The relation of the 
Talladega series to the Ocoee series will be discussed later in 
this paper. 

On the preliminary map of the Mount Guyot quadrangle 
Keith applied the name Snowbird formation to the rocks which 
represent the Citico conglomerate and Wilhite slate of the 
Ocoee series in the adjoining Knoxville quadrangle. The Snow- 
bird formation is stratigraphically continuous from its type 
locality on Snowbird Mountain, in the Mount Guyot quad- 
rangle, northeastward into the Asheville, Greeneville, and Roan 
Mountain quadrangles. In the folios covering the last named 
three quadrangles Keith” called the Snowbird formation and 
the overlving Hiwassee slate Lower Cambrian, although he had 
formerly placed equivalent rocks in the Ocoee series of unknown 
age. Furthermore, in the Roan Mountain folio Keith corre- 
lated the Snowbird formation and Hiwassee slate with the Uni- 
coi formation of known Lower Cambrian age. In the three folios | 
just mentioned, he applied, to the formations that overlie the 
Hiwassee slate, formation names of the well-established Lower 
Cambrian Chilhowee group. (See table, p. 381). 

In the Asheville and Greeneville folios Keith states that the 
Snowbird formation overlies granites of Archean age—the Max 
Patch and Cranberry granites of Keith. In the Mount Guyot 


* Crickmay, G. W.: Status of the Talladega series in Southern Appa- 
lachian stratigraphy: Geol. Soc. Amer. Bull., Vol. 47, pp.. 1871-1892; 1986, 
Geological Map of Georgia; 1989, Georgia Div. of Mines, Mining and 
Geology, p. 84. 

t Keith, Arthur: 1904, Ashevllie folio, Op. cit.; U. S. Geol. Survey; 1905, 
Geological Atlas, Greeneville folio (No. 118); 1907, Roan Mountain folio 
(No. 151). 
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-quadrangle he mapped the Snowbird formation: in a similar 
. position. The fact that' the Unicoi formation of Lower: Cam- 


' brian age overlies gramites of Archean age at many places in ' 


the area northeast of. the Asheville quadrangle may have ‘been 
Keith’s reason for assigning to the Lower'Cambrian the Snow- ' 
bird formation which has similar stratigraphic relatioris to 
those granites.. The stratigraphic relation which the Snowbird 
formation bears ‘to the underlying granites proves that the 
Snowbird is younger than the granites of Archean age but does 
not prove that itis Lower Cambrian, 'The Snowbird and over-. 


. lying rocks, called Canibrian by Keith, are stratigraphically 


continuous southwestward into the Ocoee’ series of the. type 
locality. In a later part of this paper the writers present 
evidence to show that the Snowbird and overlying formations 
lithologically resemble the Ocoee series and. not Lower Cambrian, 
. rocks and that they are not_of Lower Cambrian age. 

The usage of the same formation names for the rocks of two- 
separate series, which have not been proved to be equivalent and 


- which the writers believe to be of different. ages, has led to the 


stratigraphic zonfusion which this paper attempts to clear up.. 
The following ‘chart tabulates the formation names used by 
. Keith and La Forge for rocks which are part, of the Ocoee 


. paper. It shows the implied correlation of rocks that Keith; in 
the Knoxville and Loudon folios, called Ocoee, of age unknown, 
with- rocks in adjoining areas where he called them Lower 
Cambrian. The names taken from Cambrian formations of the 
Chilhowee group, aré placed in quotation marks because the 
writers question the use.of Cambrian- formation names for for- 
mations of tke Ocoee. series. Diagonal m indicate an hiatus 
of formations. - . 


- 
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GENERAL STRUCTURE, 


-In omis to make clear the stratigraphic problems aa 
in this paper, the general structure of the’ region wil be 


described briefly. (Fig. 2.) "This description is largely sum- . 


: marized froma report now in preparation by the writers on- 


ihe “Structure of the Southern Appalachian Mountains.” 

In southern Virginia and northern Tennessee, the western 
border of the Appalachian Mountains is marked by the Holston 
| Mountain cverthrust, which has ridden LE over 


. Series. as usec by Hayes and Safford and as defined in this 
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rocks of the Great Valley. 22 The. writers M described the 


. Holston Mountain overthrust as follows: The Holston Moun- . 
~ tain overthrust “is a major overthrust fault. which—-exterids : 


southwest along the front of Poplar Camp,. Iron, and Holston’: 
Mountains across: Virginia to the Tennessee State line, south .: 
of Damascus, Virginia, and southwestward into "T'ennessee." 


- Lower Cambrian: quartzites that form Iron Mouritain in Vir | 
ginia extend southwestward into Tennessee, where they occur in: 


two parallel mountain ranges on the ‘two sidés of a synclinal 


valley. In Tennessee the ridge on the northwest side of the | | 
syncline is called Holston Mountain, and the ridge :on the ; 


southeast: side, Iron Mountain.: In the Roan Mountain di" 
rangle, Holston Mountain ends three miles. north of Elizabeth- 
ton, Tennessee, and Iron’ Mountain extends as‘ a ‘continuous 
ridge to a pojrit five miles southeast, of Erwin, Tennessee. In. 
‘southern Virgima and northern ‘Tennessee, the Lower Cambrian 


quartzites that form Iron and Holston Mountains lie on the ^ 


western border of the Holston. Mountain overthrust block as. 
-far south as. the end of Holston Mountain." "There: the Erwin’: 
^" quartzite 18: cut, aff by'the Holston Mountain fault. It is tlie 
writers”. interpretation that - the- Holston Mountain thrust 
passes southwestward into. the dolomites and limestones which 
‘overlie the Erwin quartzite of the thrust block, ‘and lies within 
these dolomites and limestones from the south end of Holston | 
Mountain to the north end of Buffalo Mountain. At. a point .: 
just southwest of Cherokee Moúntain and southwestward, the, 


Great Smoky overthrust Block hae ridden northwestward ' over 


- the Cherokee Mountain block, concealing it in places and leav- 
^ ing narrow remnants'óf Lower Cambrian rocks in the ‘Cherokee 
Mountain block on the northwest side of the: Great t Smoky. 
overthrust block. 


Ya their paper” previously dl to, the writers ideation "v 


a window i in the Holston Mountain overthrust block, southeast 


Valley window. At this window, the oventhrust ‘rocksthave been. 
y 


5 Stoge, G. W, Jonas, A: L and — 1988; “XVI International Geo- ‘ 
, ^ logical Congress * ‘Guidebook 8,’ Excursion .A8, Southern Appalachian  ., 
` . region, pp. 7, 86, pl; 26, 1988; A southern limestone facles. of the Lower ' ' 


Cambrian dolomite in Wythe, and Carroll Counties, Virginia: Virginia 
- Geologeai Survey; Bulletin 51-A, p. 28. \ 


',  Stoge, G. W., and Jonas, A. I: 1988, pe Virgini Geological Survey, . F 
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bowed up:and, Lower Cambrian and pre-Cambrian rocks which 
lie beneath the Holston Mountain overthrust block have been 
exposed by erosion. The Holston Mountain overthrust block 
and the Taylors Valley window in southern Virginia and north- 
ern Tennessee are diagrammatically shown-in Fig. 2 of another . 
paper by the writers." The Taylors Valley window extends 
from its northeast end, north of Taylors Valley in southern 
Virginia, 60 miles southwestward in Tennessee and, North Caro- 
lina, and ends eight miles south of Erwin, in the southwestern 
part of the Roan Mountain quadrangle. (See Fig 2.) "The 
Holston Mountain overthrust block rests in overthrust posi- 
tion on the Pulaski overthrust block of the Great Valley, hence 
the rocks exposed in the T'aylors Valley window are part of 
the Pulaski block. Lower Cambrian quartzites of Stone Moun- 
tain form the eastern border of the window in southern Vir- 
ginia and northern Tennessee, and, with short interruptions, 
these quartzites form the eastern border of the window to Uni- 
coi, Tennessee. Cambrian quartzites, which underlie the Shady 
dolomite and Rome formation, are exposed also in anticlines in 
the center of the window northeast of Hampton, Tennessee. 
_In the region southeast of the area described in thia paper, 
the writers have mapped another large window in the over- 
thrust block. This window, called Grandfather Mountain 
window because it includes Grandfather Mountain, is about 15 
miles wide and 25 miles long. Along the borders of the window 
the pre-Cambrian rocks of the overthrust biock are mylonitized 
on the sole‘of the overthrust and the mylonites dip gently 
away in every direction from the window, indicating that the 
overthrust block was domed into a broad anticline. The 
sequence and lithology of the rock units exposed in the window 
- is the same as that in the Holston Mountain block. The 
injection complex is overlain by the Unicoi formation, which 
forms Grandfather Mountain and contains the characteristic 
basalt flows. The Unicoi formation is overlain by the Hampton 
shale, the Erwin quartzite, and the Shady dolomite, which forms 
the western border of the window. ‘The Grandfather Mountain: 
window is included in Keith’s Cranberry and Mount Mitchell 
folios and also in the Morganton quadrangle. Keith did not 
^ Jonas, A. I., and Stose, G. W.: 1989, Age’ relation of the pre-Cambrian 


rocks in the Catoctin Mountain-Blue Ridge and Mount Rogers anticlinoria 
in Virginia: Amer. Jour. Sci, Vol. 287, Fig. 2 
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recognize the structure as a wirdow in either of his folios. In 
the structure sections of the Cranberry folio he showed a fault 


- on the north and west sides of the area defined in this paper 


as a window, on which the pre-Cambrian rocks were thrust 
southeastward, and in his text he described a later fault on 
the southeast side where the rovement was to the northwest. 

The Great Smoky overthrust (see Fig. 2) extends from 
southeast of Cherokee Mountaim southwestward along the front 
of the Appalachian Mountains 5f Tennessee and passes into the 
Cartersville overthrust in Georgia. The Great Smoky block | 
has been thrust northwestward over the Cherokee Mountain 
block, and in places on the northwest side overrides it com- 
pletely and rests on the rocks of the Great Valley. At the 
northeast end of the Great Smeky block, southeast of Cherokee 
Mountain, the Great Smoky overthrust curves sharply around 


‘the north end of Buffalo Mountain, then turns southwestward 


along the southeast side of the block, passing one-half mile . 
north of Erwin, and extends southwestward to the vicinity of 


, Sylva, North Carolina, where the Tusquitee overthrust rides 


over the Great Smoky block. At the northeast end, north of 


' Erwin, Tennessee, the Great Smoky block is four miles wide; 


north of Sylva it is 32 miles wide. At the northeast end, in 
the Roan Mountam quadrangk, the Great Smoky. block rests on 
the Lower Cambrian’ rocks of Cherokee Mountain on the north- 


' west, and on younger Paleozoic rocks of the Holston Mountain 
block on the southeast. Scuthwest of the Roan Mountain 


quadrangle, the Great Smoky block on its southeastern side 
rests largely on the early pre-Cambrian injection complex of 
the Holston Mountain block. The major part of the Great 
Smoky block is made up cf the Ocoee series, but Buffalo 
Mountain, at the northeastern end of the block, is formed of 
Lower Cambrian quartzite. "The early pre-Cambrian injection 
complex, on which the Ocoee series rests, occurs in places on 
the southeast border of the block. 

The Great Smoky overthrust block moved northwestward _ 
and the fault plane on the morthwest side of the thrust block 
dips southeast. On the southeast side of the thrust block south- 


. west of Erwin a gentle northwest dip of the thrust plane is 


indicated by the persistent northwest dip of the schistosity in 
the rocks of the Ocoee series and of the granitic rocks of the 


` injection complex, near the sole of the thrust. The northeast 


end of the Great Smoky Hock is, therefore, a narrow slice 
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which is folded into a syncline. It has been shown that the 
Holston Mountain block also is folded and that the Taylors 
Valley window is exposed in a broad anricline in that thrust 
block. Two miles southeast of Erwin, the Holston Mountain 
thrust fault dips northwestward away from the rocks of the 
Taylors Valley window. Cne mile northwest of Erwin the 
Great Smoky overthrust fault dips northwestward away from 
the rocks of the Holston Mcuntain block. It is clear that the 
narrow strip of the Holston Mountain block, lying between the 
northwest border of the Taylors Valley window and the south- 
east border of the Great Smoky block, is part of the southeast 
limb of the syncline which encloses the synclinal slice of the 
Great Smoky block, and that both blocks were folded together 
after the Great Smoky blocx was overthrust. . 

Folding of the Great Smoky thrust slice northwest of Erwin 
is indicated also by the deep embayment in the fault trace in 
that vicimty and by a small window in the thrust block which 
exposes underlying dolomite of the Holston Mountain block in 
the valley of Nolichucky Hiver a half mile west of the embay- 
ment. Folding of the block farther southwest is shown not 
only by the sinuous character of the northwest trace of the 
fault but by the presence of windows where anticlines in the 
Great Smoky thrust plate have been cut through by erosion. 
The windows in the Knoxville quadrangle have been previously 
mentioned. A large window in the Great Smoky overthrust 
block occurs an the Asheville quadrangle at Hot Springs, North 
Carolina, where the Lower Cambrian quartzrtes and overlying 
limestones of the overridden block are exposed. This struc- . 
ture, mapped by the writers as a window on the Geological 
map of the United States published in 1983, has not been pre- 
viously described. In the Asheville folio Keith? described the 
Hot Springs fault as a fault of unusual character but did not 
recognize that it bounded a window in a great overthrust. He 
stated “The great fault which passes just north of Hot Springs 
is one of the most unusual in the Appalachians. Its outcrop 
forms a nearly complete oval and its planes, if extended upward, 
would almost unite in a dome. . . . its plane dips successively 
toward all points of the compass..... The area enclosed by the 
fault plane thus represents a down-thrown mass upon which 
the adjoining rocks were piled high from all sides.” In the 

* Keith, Arthur: 1908, Op. cit, Asheville folio, d. 8. 
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structure Sections of the folio he mme a dome structure wi. 
thé rocks on, opposite sides thrust toward the center. Keith’s, 


interpretation . “appears to be an impossible structure. His c 


recorded facts. are in keeping with the writers’ interpretation | 


e of a: dome-shaped folded *overthrust: plate which .hás been . 
 eroded, exposing underlying rocks i in an hic a window, n 


' - 4 / 
LOWER CAMBRIAN. QUARTZOSE ROCES. , ' 


“The ME have studied in” detail: the Lower Cain ue 


^ 


Pri rocks at many places: from Pennsylvania to south- ' 


western. Virginia. - They have published sections and descrip-. ` 


o tions of ¡these Lower Cambrian rocks in reports of State Sur- 

> > veys and of the U. S. -Geological Survey. During their recent 

field ‘work i in the. Appalachian’ Mountains of southern Virginia 
and the adjoining region in Tennessee and North Carolina the | 

' writers have studied the Lower Cambrian quartzites of that > 


region and have compared their observations with Keith’s usage 
of. formatioù names, his mapping. of formation: units, and his ^ 


A structural interpretations as shown in the Cranberry and Roan 
^" Moüntain quadrangles. The writers have recently completed : 
and submitted for publication to the Virginia Geological Sur- * 
co veya ‘report entitled, “The Geology and Mineral Resources of 


the Gossan Lead and. Adjacent Area i in Virginia,” which, con- . 


i tains descriptive sections of ‘these quartzites: — 


In southern Virginis the ‘Unicoi formation, which a de 


i base of the Lower Cambrian quartzose rocks,. overlies the 
"Mount Rogers volcanic series?) of late pre-Cambrian age and- 


the injection complex of early pre-Cambrian age, and is strati-" 


' graphically discordant with both of these series. The section of 


the Lower Cambrian quartzose rocks exposed in southern Vir- 


>` rginia is as follows: (see table on page 387). 


‘Throughout the Holston Mountain overthrast block in. 


4 


UN 


southern Virginia and northern Tennessee, the stratigraphy;. ` ^ 


, Sequence, and lithology:of the Lower Cambrian formations are 


the same, the full section of quartzose rocks is present in many 
places, and the formation, names given in the. following table 
of, the rocks in Iron Mountain, Virginia, can be applied. "The 


? 


' Unicoi formation throughout that area contains the'charac- . 
, teristic basalt flows." At the northeast end’ of the synclinal, 
| lice of thé Great Smoky overthrust block, men the Lower 
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Lower Cambrian Quartzose Formations in Iron Mountain, Virginia. 
Name Description Thickness, feet 


Thin-bedded ferruginous dark 
quartzite and thick-bedded ridge- 
Erwin quartzite | making vitreous white quartzite! 200-800 450 = 
Dark argillaceous and buff banded 
quartzite Us 200 = 


.|Gray to black argillaceous shale 
Hampton shale with few thin rusty quartzite 1,500 + 
beds 


White and dark-banded gray and 

green hard quartzite with some 

arkosic quartzite 600+ 
Amygdaloidal basalt flows with in- 

terbedded argillite, conglomer- - 

Unicoi formation | ate, and quartzite 400: > 1,700 

Arkosic quartzites, some containing 

coarse grains of fresh pink feld- 

spar and pebbles and grains of 

white quar-z, and interbedded 

argillite TOO: 





Cambrian quartzites that form a large part of Buffalo 
Mountain have the charazteristic lithology of the Unicoi 
formation. 


CHILHOWEE GROUP, 


In this paper the term Chilhowee group and the names of 
formations in that group will be restricted to Lower Cambrian 
quartzose rocks of the overthrust block which begin in Cher- 
okee Mountain and extend southwestward to Beans Moun- 
tain, Tennessee. These Lower Cambrian formations lie in a 
detached thrust block and are not stratigraphically continuous 
with any other Lower Cambrian rocks. The formations ln 
this group have been given names taken from Chilhowee Moun- 
tain in the Knoxville quadrangle. The distribution of the 
Chilhowee group, as interpreted by the writers, agrees very 
closely with that of Safford shown on his map of 1869. (See 
Fig. 1.) The longest belt of the Chilhowee group extends from 
Cherokee Mountain southwestward for a distance of 60 miles. 
The Chilhowee group also forms English Mountain, southwest 
of Newport, Tennessee, Chilhowee Mountain, south of Knox- 
ville, Tennessee, and Starr and Beans Mountains, east of Cleve-- 
land, ‘Tennessee. 


EV 
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- writers doubt that the shale in which Walcott collected Lower ` 
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AGE AND CORERELATION OF CHILHOWEE cndüP. 


The type locality of the Chilhowee group is in Chilhoweé. 
Mountain in the Knoxville quadrangle. Lower Cambrian fos- 
_sils have been found by. Walcott” in these rocks at..two places; 
-in the gap of Little River in Chilhowee Mountain, and south 
of the crest'of the mountain at a point south of Montvale . 


Springs. The fossils were found in-calcareous sandy shales 


i which Keith mapped as Murray shale. (See Fig. 2.) ‘Fossils 


occur in Lower Cambrian quartzites at many places along their 


= outcrop from Pennsylvania to Tennessee, but all’ fossils here- 


tofore collected came from the uppermost calcareous shales 
that mark the transition from Erwin (Antietam) quartzite into 
thé overlying Shady, (Tomstown) dolomite. "Therefore the 


Cambrian fossils is Murray shale. Keith mapped Knox dolo- 


mite directly southeast of the béds in which the fossils were 
` found in the gap of Little River, and his map and structure 
section show that the Knox dolcmite in this area overlaps onto- 


* 
— * 


Murray shale and Nebo quartzite, although in his text Keith ' ` 


did not mention this marked stratigraphic break. Because no 


region, it seems more probable that the poorly exposed dolo- 


-hite which was mapped as Knox Jolomite is Shady dolomite, and 


that it overlies in normal sequence: the shaly beds i in which fossils 


occur. The Hesse and Nebo quertzites are so similar that they ^ 
could easily be confused in the field, hence the writers believe 


that the quartzite mapped by Keith.as Nebo.in the Little River 
gap may bé Hesse quartzite; and that the-calcareous shales‘ in 
which the fossils were found may be transitional, beds at the 


` "top. of the Hesse and are not Murray. shale. If this suggested E 
interpretation proves to be correct, thé quartzite exposed in 
É the gap of. Little River is Hesse quartzite containing fossilifer- 


,ous, shaly beds at the top whica dip southeast and pass nor- 


mally beneath Shady dolomite. ‘The. writers made this, inter- 


. pretation of the séquence when they briefly examined the rocks, 
in the gap of Little River, but more detailed fieldwork is neces- 
sáry to establish the sequence there, There 48, however, no 


. question that the — of the Chilhowee series are of Lower : 


Cambrian age. — 


.In the Cleveland folio, Hayes — the Lower Cambrian | 
g 1 " Keith, Arthur:: 1895, 'Op. cit. ele folio, p. B. 
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unconformity at' that horizon is known in the" neighboring ' 
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quartzites in Starr and Beans Mountains in a syncline with the 
Nebo quartzite and Murray shale in the center of the fold. The 
oldest formation mapped by Hayes and Keith in the Chilhowee 
group is the Sandsuck shale. Hayes mappéd & conglomerate 
within the Sandsuck shale, which he named the Starrs conglom- 
erate. With the present knowledge, it is not possible to decide 
which formation, if any, m the Chilhowee type section repre- 
sents the Unicoi formation, but it is evident that the lower part 
of that formation which contains the basalt flows is not present 
because neither Hayes nor Keith describe such flows in the sec- 
tion. Although the sequence of the Lower Cambrian forma- 
tions in the Cleveland and Knoxville quadrangles is well estab- 
lished, the exact equivalence of formations of the Chilhowee 
group with formations of the Cambrian section (see p. 387) in 
the Holston Mountain block in northeastern Tennessee and 
southwestern Virginia cannot at present be definitely proved. 

The following table shows the Cambrian formation names 
used in the Cleveland, Knoxville, and Loudon folios and Keith’s 
correlation of these forma-ions with Cambrian formation names 
used in the northeastern part of the Roan Mountain quadrangle. 


Correlation of Cambrian Formations by A. Keith. 


Cleveland, Knoxville, and Roan Mountain quadrangle 
Loudon quadrangles Southwestern part Northeastern part 
= [Hesse quartzite Hesse quartzite 
E Murray slate Murray slate Erwin quartzite 
o ) Nebo quartzite Nebo quartzite 
= | Nichols slate Nichols slate Hampton shale 
= |Cochran conglomerate |Cochran conglomerate 
E | Sandsuck shale *Fiiwassee slate” | Unicol formation 
(Lower rocks not exposed in “Snowbird formation” 


Knoxville, Loudon, or Cleve- 
land quadrangles) 


In northern Tennessee and North Carolina as far south as 
the central part of the Roan Mountain quadrangle, Keith used 
for Cambrian formations names of the northern sequence, and 
in the southwestern part of the quadrangle he used names of 
the Chilhowee sequence. In places he used a mixture of the 
names of the two sequences in an effort to merge them along 
the strike. Because the base of the Cambrian is not exposed 
in Chilhowee, Starr, or Beans Mountains and there is no for- 
mation in the Chilhowee group of the type section. equivalent 
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. to the — Unicoi foxination; Keith, in, his later reports, — 
_ the names. Hiwassee slate and Snowbird formation for Cambrian 


' rocks below. the Cochran conglomerate. “These two names are 
' names of Ocoee. formations, and should not be used for Cam- 


' brian formations. In Buffalo Mountain and adjacent areas, . 
Keith mapped the three divisions’ characteristic of the Unicoi 
* formation but called the formation Snowbird. 

Tn the legend’ of the geologic map of the Roan Mountáin folio 
"Keith placés the Erwin quartzite as equivalent to the Hesse 


quartzite he niapped as Erwin in the northeastern part of the 
| quadrangle is the equivalent of both the Hesse and. Nebo quartz- 
ites, and that the Hampton and Nichols shales are approxi- 
mately equivalent. In Cherokée Mountain he mapped the main 
ridgemaker above the, Nichols shale as the Nebo: ‘quartzite, and ` 
‘the beds above the Nebo and below the Shady dolomite he: 


,-. mapped as Murray shale. and Hesse quartzite. ‘On the basis of 


field observations at the northeast end of Cherokee Mountain, 
the writers regard: the Nebo quartzite, Murray shale; and Hesse 
_'quartzite as equivalent to the Erwin. quartzite, and: believe that 
—"Keith's correlation of thé. Erwin as expressed i in the legend of 
the folio is s inaccurate. — "e sc 


pa 4 
Mare: meus Me. p . To be continued. ¢ ` 


. į -quartzite only, but in-the text of the folio-he states that the». 


4* 


i 


THE HUDSON VALLEY BELT OF 
GRAPTOLÍTE SHALES AND NEGATIVE 
ANOMALIES OF GRAVITY. 


RUDOLF RUEDEMANN. 


ABSTRACT. In reference to Longwell’s paper on the Geologic Inter- 
pretation of Gravity Anomalies in the ‘Southern New England-Hudson 
Valley region the writer pointe to the great -hickness of the graptolite 
shales reached and the great depth of the geosyncline indicated by the 
radiolarian fauna and suggests that the Levis trough with the graptolite 
beds may have been the central >ortion of a mediterranean sea, the shallow 
littoral portion of which was formed by the adjoining so-called Chazy 
and eastern troughs. The great thicknesses of the westerly adjoining 
Schenectady and Canajoharie b2ds are considered as partly explained by 
the northwest swing of the negative isanomalies in the Mohawk valley and 
partly as a secondary effect of the strong sedimentation in the adjoining 


geosyncline. 


Poo CHESTER R. LONGWELL published last 
year a paper on the Geologic Interpretation of Gravity 
Anomalies in the Southern New England-Hudson Valley region 
which proves of great interest to the students of graptolite 
shales by explaining the presence of hese shales and their 
enormous thickness in the Hudson Valley region. 

The presence and the great thickness of the graptolite shales 
of Ordovician age in the belt. extending from the St. Lawrence 
River through the Lake Champlain basin and the Hudson Val- 
ley region has ever been a puzzle to the writer since he began 
the study of these shales and their graptolite biota. _ 

It was obvious that thers had existed throughout Ordovician 
time, beginning in late Cambrian time (if we include the Schagh- 
ticoke shale) and continuing to the end of Ordovician time, a 
great depression in this belt. The graptolites (see Ruedemann 
1942) proved that the open ocean had access to this basin 
most of the time and that oceanic currents were able to sweep 
through it from the north bringing with them the graptolite 
faunas as free plankton and as epiplankton attached to sea- 
weeds. It has even been claimed by the writer (1935, 1948) ' 
that the radiolarian fauna found in the chert associated with 
the graptolites indicated abyssal depths of over 12,000 feet 
attained at times by this intensely mobile belt, a portion of the 
St. Lawrence geosyncline. . : 
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It appears now from "Longwell's. excellént paper that 'a belt- 
of strongly negative gravity anomalies discovered: by pendulum 
- observations of the United States Coast and Geodetic Survey 

. extends through the Hudson River Valley from the north and ` 
is flanked on both sides, i in Massachusetts and ‘Connecticut on 


the east, and the Catskill Mountains in the west by strongly 


positive. amomalies. Ih the deepest depression, east of Albany 
the anomaly amounts.to —42 milhgals and continues south, 
“crossing the Hudson River north of the Highlands at —40 milli- | 
J “gals, while in-western Massachusetts and central Connecticut i 

rises to +40 milkgals and on the other side under the eastern 
Catskill to qan Eee: . 





Fig. 1. Chart of the negative anomalies -o? the Hudson River MEUT 
'and, the greptolitiferous formations connected with it. 

Dotted = Normanskill beds: horizontal lines Snake Hill beds; vertical 
lines Schenectady beds; oblique lihes Canajoharie shale. L- =Torans Line 
separating the overthrust Lower Cambrian Nassau beds in the east from 


the graptolite beds. ‘Tke latter are in the west covered by ihe Silurian’ 


and Devonian Helderberg formations. S-Snyders Lake inlier, A= Albany, 
H- Hudson, ER Pongukeepsit Ne Newburgh, cas s 


- The anomalies are dependent — to Longwell’s sugges- ' 


. E uni on the different distances of the base of the sial shell from 


the surface of the Earth, disregarding the influence of’ rock | | 


- masses of'abnormal Censities at the surface, as such (volcanics) 


are not present in the region. Negative sagas result from’ 


j downward bulges of the sial shell. " 
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To quote from Longwell (p. 589): “The two principal 
groups of,negative anomalies are in the Hudson Valley belt 
and the Rhode Island basin, both of which were areas of subsid- 
ence, sedimentation ànd severe orogeny in the Paleozoic era." 

' We are here interested only in the Hudson Valley belt, the 
site of the graptolite shales, and wish to present some figures 
illustrating the amount of subsidence and sedimentation that 
took place there. 

In: the St. Lawrence geosyncline, where the graptolite beds 
were deposited, we obtain the following figures (Ruedemann, 
Bull. 285) : 

Mininum Maximum thick- 








Name of formation | thickness ness In feet 
Nassau beds ...... RAO ETE Jesse ses 158 . 785 
Troy Déu8 ainia 25 100 
Schodack shales and limestone .......... 20 200 
Diamond quartzite ..................... 10 40 
Bomoseen ERE errar 18 50 
Schaghticoke shale .............. ——— 80 804- 
Deepeill shalë c vss axes edere n 900 . 800 4- 
Bald Mountain limestone ............... 70 704- 
Normanskil shsle (Dale) .............. 1200 2500 
Rysedorph conglomerate .............. 2.5 10 
Tackawasick limestone ................. 50 50+ 

- Snake Hill shale .......... AA S Eam dac a 8000 8000+ 
4885.5 7855+ 


The Lower Cambrian and Ordovician deposits of the geosyn- 
cline amount roughly to a minimum of 5000 ft. and a maximum 
of 7400 ft., or one mile and one and one-half miles respectively. 

The pure graptolite shales are: 


Schaghticoke shale ..... 80 feet+ 
Deepkill shale ......... 800 feet+ 
Normanskll shale ..... 2500 feet+ 


3880 feet or approximately one-half mile. 


The impure graptolite shale (Snake Hill shale) amounts to- 
3000 ft. or another haH mile. 

The graptolite shales are black, very fine-grained sediments 
which were deposited at the lower slopes of continental shelves 
or at the bottom of the abysses, some at 12,000+ feet. They 
show by the rapidly changing graptolite faunas in often small 
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thicknesses of beds, that they were very slowly deposited during . 
long lapses of time. It is therefore certain that they represent - 
a very great interval of time and a long continuation‘ of the 
deep depression of the geosyncline, from late Cambrian time 
` through the Ordovician era. This in itself is proof of a long 
existing fundamental condition such as the downward bulge of 


the sial foundation affords. 
It may be added here that the discovery of radiolarian chert 


_ (Ruedemann & Wilson, 1935) in the graptolite shale has. 


afforded another significant fact, namely that the bottom of 
the geosyncline may at times have dropped to depths of more 
than 12,000 feet, according to the evidence furnished by the 
radiolarian genera. This strange phenomenon can also be best | 
explained by the influence of the great downward bulge of the 
sial fundament, as indicated by the strongly negative anomalies, 

A peculiar problem is presented by the region to the west 
of the geosyncline, in which the great thicknesses of the Sche- 
nectady ‘beds and of the Canajoharie shale, homotaxial to the 
Snake Hill shale, were deposited, in Trenton time. The Sche- : 
nectady beds, reaching (Ruedemann, Bull. 285, p. 34) a thick- 
ness of 1000 feet and possibly 2880 feet consist of prevailing 
sandstone with. interbedded shales. They contain a flora, con- 
sisting of a seaweed (Sphenophe ycus latifolius Hall), the index 
fossil, and a fauna of. graptolites, brachiopods, gastropods, . 
conularids, cephalopods, trilobites, ostracods and numerous 
forms of eurypterids, none of them in abundance. 

The Cana joharie shale, which is partly contemporaneous with 
the Schenectady beds and contains an impure graptolite fauna . 
of a few species mixed with other fossils extends westward from *. 
the Schenectady belt into the Mohawk valley, where it attains ` 
a thickness of over 1500 feet. Former investigations by the. 
writer (Ruedemann, 1897), based on the parallel directions of 
the graptolites and cephalopods indicated & strong current 
sweeping from, the northeast across the lower southern Adiron- 
dack massif and around it toward the west, where the shale ' 
is replaced by the 'Trenton limestone, deposited in purer water 
and-of much less thickness. 

. The great thicknesses of the. Béhienectady and Canajoharie 
beds and the continued depression of the area of their deposi- 
tion are; at least in part, explainable by the fact that the lines 
of negative anomalies swing sharply to the northwest under the 
eastern Catskills and in tthe lower Mohawk valley, indicating -. 
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a widening of the downward bulge of the sial in that direction. 
It is further possible that the strong sedimentation in the gec- 
syncline had.a secondary effect on the beds of the neighboring 
region. ‘The St. Lawrence geosyncline has been subdivided 
by Ulrich and Schuchert (1902) into several troughs, which 
were independent of'each other at times. The central trough 
which contains the Lower Cambrian and the graptolite beds 
they term the Levis trough. This was flanked on the west by 
the Chazy trough which holds the Potsdam-Beekmantown- 
Chazy-Trenton series, and a third trough on the east. The 
writer has more recently (1942) held the view that the St. 
Lawrence geosyncline on account of the great depth it reached 
at times and the passage af the successive graptolite faunas 
through it may have reachec the dimensions of a mediterranean 
sea. At that time the Levis trough would have formed the 
abyssal depths while the shellower portions.on both sides—the 
Chazy and eastern trougns with the Chazy and eastern 
sequences—treceived the littoral deposits. However, that may 
be, it is obvious that only the Levis trough occupied the depres- 
sion of the negative anomelies while the flanking troughs or 
the coastal regions of the mediterranean sea were in the areas 
of positive anomalies. 

The great mass of Schenectady beds is capped in the Indian 
Ladder region near Albany by 410 feet of the Indian Ladder 
beds, consisting of black shales with interbedded calcareous ' 
sandstone layers. These beds are of younger age than the 
Utica and are homotaxial to the Frankfort shale of New York 
and the Southgate member of the Eden shale of Cincinnati. 
They occupy & narrow trough, only about five miles wide, 
extending from south to north. As indicated by the fauna the 
trough extended far into —— where it connected with 
the west. 

This strange formation nals a final narrowing of thé down- 
ward depression in the area where the OREO beds were 
deposited. 

A recent paper by F. J. Pettijohn (1948) deserves special 
notice in this place. The author points to the special type of 
sedimentation, which he calls the orogenic type, that has taken 
place in the Archean geosynclines of Canada. These were filled 
rapidly “with incompletely weathered and relatively unsorted 
material. The result was the production of conglomerates and 
graywackes.” 
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T No study has been made so far of the possible. presence. of... 
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"UK may be concluded that the Upper Normanskill béds, the ` 
Austin Glen member, . consisting largely of grit: ‘and some con- 


; " glomerate indicate such a condition of more “rapid filling of the’. 


. geosyncline than the lower black Normanskill shales do. 


a 


As'is well known James Hall and Dana had recognized that 
the Appalachian geosyncline was the. bite of more rapid sedi- "i 
| -mentation of clastic material than the’ region to the west where F 
the Trenton limestone’ Was ‘deposited. We know. now that. only E 
a portion of the deposita in'the geosyncline are of Trenton age. 


d and the others, especially į the. older Ope ete not. present west 


` of the geosyncline. -': ^ 
„From, the deposition of dle Normanskill grit it may ‘be 
inferred that the geosyncline, which~once reached "abyssal 


-depths was later being filled by the clastic materials, furnished ` 
by. the beginning _arogenic y a of the Adjoining," regions, 


. notably the eastern. 


quet avarven, honeste eycles of seasonal changes. 
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SCIENTIFIC INTELLIGENCE 


CHEMISTRY. 


Quantum Chemistry; by Henry Eyring, John Walter and — 
E. Kimball. Pp. vi, 894; many figs. New York, 1944 (John Wiley 
. and Sons, $5.00).— The contents of the book may be divided roughly 
into three parts. By the end of the first 120 pages, the reader 
wil find that he has covered most of the mathematical essentials 
of the subject. These include discussions of classical and quantum 
mechanies; the differential equations which are needed and their 
applications to a few simple systems, including the hydrogen atom 
and finally, the various approximation methods. The next part of ' 
the book applies this material to problems of atomic and molecnlar : 
structure and to the study of valence. In these sections, the authors 
have introduced one further mathematical technique, that of group 
theory and they find it helpful throughout the rest of the book. It 
is very clearly and simply presented and should serve to convince 
the student that this subject is not only useful but understandable. 
The final section of the book deals with further applications such 
as quantum statistical mechanics, reaction rates, electric and mag- 
netic phenomena and a few special topics. Some mathematical 
- details, including a table of group characters will be found in a 
series of nine appendixes. 

The authors “have attempted to put into a systematic, condensed 
form the tools which have been found useful in efforts to under- 
stand and develop the concepts of chemistry and physics. . . . The 
book has been written at the level of the graduate student in heme 
istry." It should not take long for the reader to convince himself 
that these aims’ have been fulfilled in a highly satisfactory man- 
ner. It seems likely that this book will become the standard text 
for the elementary graduate, course in quantum theory in most 
schools. It is highly recommended, not only for that purpose but 
also for self-study. GEORGE M. MURPHY. 


PALEONTOLOGY AND MINERALOGY. 


Paleontology of the Marine Tertiary Formations of Oregon and 
Washington; by Cuantes E. Weaver. Univ. of Washington Pub- 
lications in Geology, Vol. 5, Pp. XI+789, 104 pls. (Univ. of 
Washington Press, Seattle), 1948.—It is just over 100 years since 
Conrad described the first marine fossils from Oregon. Since then 
Tertiary fossils have been collected from over 700 localities in 
Oregon and Washington, yielding a total of 879 species. Descrip- 
tions of these fossils are scattered through a vast literature and 
many of the early ones are brief, deficient, and poorly illustrated. 
Most of the generic assignments are now out.of date and many of 
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the species are involved in confusion. The types are scattered - 


y 


through numerous museums and some of them are now lost, 

Having worked on these faunas for some 85 years, Doctor 
Weaver realized the necessity of a comprehensive restudy that would 
bring the taxonomy and the descriptions up to date, and this he has 
done in this three volume magnum opus. 

He has restudied every type that could be located and, in a 
tabular list of all the species, indicates their present location and 
eatalogue numbers. For most species he has quoted the original 
description and supplemented it by his own observations. In 104 
collotype plates he has figured the types or iypical specimens of 
every species. In most casés these are new photographs made for 
this work as the types were being restudied. 

As the work is essentially taxonomic there is no discussion of the 


stratigraphy, but a correlation table (following page 627) indicates. : | 


the relations of the Tertiary formations in Oregon and Washington, 
and a tabular list of the species indicates the stratigraphic distribu- 
tion of.each. The third volume includes also a cia of 710 
faunal localities and a bibliography of 886 titles, 

A work so vast and painstaking has demanded much of Doctor 
Weaver's time over a period of several years. It is the outgrowth 
, of -more than 85 years of work on the Tertiary formations and 
faunas of this region. No one else could have brought to the task 
so rich a background of experience, and students of Tertiary faunas 
everywhere will feel grateful to Doctor Weaver for this great work. 
Since many of the species occur also in California, these volumes 
_ will be indispensable to all students of West Coast Tertiary faunas. 
] CARL O. DUNBAR. 


' Records of the Depariment of Mineralogy, Ceylon: Professional 
Paper No. 1; by D. N. Wadia. 88 pages. Ceylon Govt. Press, 
Colombo, 1948.— This publication is the first of a new series recently 
founded by D. N. Wadia, distinguished for his work on the Geologi- 
cal Survey of Indis and now Government Mineralogist of Ceylon. 
Four articles make up this initial number: 1, Rare Earth Minerals 
of Ceylon, which describes briefly their occurrence and economic 
importance; 2, Origin of the Graphite Deposits of Ceylon which 
gives a valuable account of Ceylon’s principal mineral resources ; 
3, The Three Superposed Peneplains of Ceylon; and’ 4, Bibli-- 
. ography of Ceylon. Dr. Wadia is to be congratulated on the aus- 
picious beginning of this new series of publications. . 

_ADOLPH KNOPF. 


J ScrENTIEIC INTELLIGENCE. 


Carnegie Institution of Washington Year Book No. 42. Pp. 
XXXII, 208.. Baltimore, 1948 (The Lord Baltimore Press).—This 
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report for 1942-48 gives striking evidence of the vast and beneficent | 
activities of the Carnegie Institution of Washington. 

It was founded by Andrew Carnegie in 1902 and: subsequently 
endowed' by him until.it now has assets exceeding $88,000,000 and 
is able to devote annually approximately $1,000,000 to Jerard 
and publication in pure science. Its efforts are concentrated on the 
attempt to advance fundamental research in fields not normally 
covered by the activities of other agencies. Its technical staff 
includes 120 resident scientists plus 48 associates of whom 89 are 
connected with other institutions. , 
. The present volume includes numerous short summaries of the 
work carried out during 1942-48 in the flelds of Astronomy, Terres- 
trial Sciences, Biological Sciences, and Historical Research in 
science. | CARL 0. DUNBAR. 
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International Agreements on Conservation of Marine Resources; 
by Jozo Tomasevich. X1-290. Stanford, . Calif. 1948 (Food 
Research Institute, $3.00).—That science has an increasingly dom- 
inant role to play in world politics is becoming more and more 
apparent. It is being gradually realized that the decisions of 
treaty makers and economists must have a firmer foundation than 
the.greed. of interests before a lasting and permanent pattern for 
international living can become established. 

In this book, written by an economist, the biological background 
and other scientific facts underlying three international agreements 
between the United States'and other countries concerning the con- 
servation: of seals, halibut, and salmon are presented in their true 
light. To thoughtful persons Tomasevich's contribution should be | 
useful in that it forms a guide for future efforts. 

The best part of the book, with reason, is the discussion of the 
brilliant work.of the Pacific halibut program. Here beautifully 
conceived and firmly established biological facts which form a basis 
for industrial self-regulation are demonstrated. It is true that once 
the distinct geographical and racial characteristics of the fish were 
discovered the approach to the solution to the problem was simpli- 
fied. But none the less, when the possibte sources of international 
conflict are revealed in this book, it is ay evident that the | 
achievement is remarkable. `` 

The participation of the United States, Russia, Japan, and 
Canada in the sealing convention is well known and is here ade- 
quately. reviewed. The hopes and problems of the Fraser River 
salmon investigations (United States and Canada) are outlined, 
and dèmonstrate more clearly than in auy other place the conflict 
of interests that inevitably arises when the conservation and man- ' 
agement of a natural resource is involved. 
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(X qt is notáble Ahat two of these problems have been solved and the. 
other is well on its way to ultimate solution. If nations’ can cooper- ' 


E ] , ate effectively in such mattera and establish the facts: that underlie 


s the problems, there would seem to be hope that. many other matters E 
can be resolved. in a similar manner. n H. E. WARFEL. 


The Fish Gate; by Michael Graham; XIII- 16-196. London, 1948 . 
(Faber and Faber) —How far should the scientist go in educating 
to the persons ‘interested in the results of his own spécial field of work? | 
.. ` * This is a problem that perplexes the individual whose work in any 
^ *' way "approaches whet miany i think’ to be the. distinct world | 


lt. of practical affairs.” 


In this book one of the leading. scientists in E field of Éshery = 
research has taken time to write, as he says, “for information, rather 
than advocacy" of. the méthods of analyzing the ills: that beset the ' 

— —— of tke British Isles. 


- The. Fish’ Gate, is notable. in that it follows | an intricate due 
= from “the breakfast table, along the railway lines, through .the 

> markets at the ports, out in the-fishing craft, and down to the bed . 

| of the sea.” At the same time it also takes the reader aboard the . 

* ' research, vessel, into the laboratory, and. to the hearing-room wheré | RO 
^. the industry. and the laboratory meet for. final decision... * 

. ` The author has: made interesting ` reading of, the techniques ‘of 

. fishing, aptly describing the skill; daring and fine judgmerits attend- 7 
. ant upon successful fishing: in various kinds of craft. | Even more " 

' outstanding, however, is the interpretation of such. effort in terms ` 
. ef the management of the stocks of fish according to the dictates | 
`~ of the findings of. researchers. The book is adequately summarized : 
vwhen the author, in the introduction, ‘says, "I think that there can- 
mot be too wide an enpucation of the true scientific method to prac- .- 
eal affairs.” Aou a | CH. B WARPED. | 
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THE CHILHOWEE GROUP AND OCOEE 
SERIES OF THE SOUTHERN 
APPALACHIANS. 


GEORGE W. STOSE AN» ANNA JONES STOSE. 
Part H 


OCOER SERIES. 


The Ocoee series, as interpreted in this paper, forms a con- 
tinuous belt which extends from the southwest end of Buffalo 
Mountain, Tennessee, southwestward across southern Tennessee, 
North Carolina, and Georgia (see Fig. 2). From its north- 
eastern end in the Roan Mountain quadrangle it extends south- 
westward across the Greeneville, Asheville, Mount Guyot, Knox- 
vile, Loudon, and Murphy quadrangles into tbe Cleveland 
quadrangle, where the type section of the Ocoee series on Ocoee 
River was described by Safford and Hayes. The length of the 
belt to the Alabama state line is about 250 miles. It varies in 
width from two and one-kalf miles at the northeast end to a 
maximum of 25 miles in the area southeast of Chilhowee Moun- 
tain. In the region just south of Cartersville, Georgia, the 
Ocoee series is nearly concealed by the Tusquitee overthrust 
block. 

The Ocoee series forme all of the m border of the 
Great Smoky thrust block throughout its length, except at its 
northeast end where Lower Cambrian quartzose rocks make 
Buffalo Mountain. Southwest of Buffalo Mountain in the Roan 
Mountain quadrangle, the Ocoee series is also on the southeast 
‘border of the block. Southwestward in the Greeneville quad- 
rangle, where the Great Smoky overthrast on the southeast side 
of the thrust plate passes into the early pre-Cambrian 1njection 
complex, the base of the Ocoee series is a short distance north of 
the southeast border of the thrust plate. Farther southwest, 
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" the Great Smoky thrust ón the ‘southeast. side of the plate in. 


J— places lies at the south border of the Ocoee series and in other 


places lies within the injection complex. : 
. Except in the. Knoxville and Loudon — Keith 


." mapped all the quartzosé rocks that the writers call Ocoee as 
|." Lower Cambrian. The quartzose rocks in thé area lying south- ` 
. west of Buffalo Mountain, beginning at a point four miles north - 
^ of Erwin, are lithologically not at all like Lower Cambrian . 


- rocks. but closely resemble rocks in the Ocoee’ series farther 
| southwest. ‘ The writers are convinced, 28 Was Safford, in 1869, 


that these rocks are not Lower. ee quartzites but are 


Ocoee. 


. In recai field work ‘the writers have carefully studied the - 


we lithology of the Ocoee rocks at many places i in the northeastern 


'. part. of the belt. One of the best exposed sections is in the. 


Roan Mountain quadrangle along Nolichucky River south of 
Embreeville, where these rocks crop out for a distance of three 


and one-half miles. ` There, the rocks consist of thin-bedded, . 
finely arkosic’ quartzites with slate partings, black, graphitic | B 
slate, black quartzite with glassy, | black quartz grains, dark- . 
‘banded slate, and hard, dark-banded and current-bedded i 
| _arkosic quartzite, in part finely ‘conglomeratic. Mica flakes, | 
— apparently of sedimentary and not of. metamorphic: origin, are 


} E 


common’ on, the bedding layers of these rocks. .Milk-white, - l 


 -eoarsely crystalline quartzite, pitted by large rust-stained . 


Vc holes, which lies at the top of the section, fotms prominent 


‘cliffs above the river in Jamp Hill -and -Stony. Point. This E 


quartzite is thick bedded but is not more than 30 feet thick ; 
the bedding is not well-defined ; and the layers thicken and thin 
irregularly along the strike. 

The Bald Mountains, which are accessible only by foot trails, 
extend across the Greeneville quadrangle in a southwesterly 
direction and culminate in several high, short ridges or peaks, 
. including Rich Mountain, the Big Butt, and, Camp Creek Bald, 


which haye altitudes above.4,800 feet. These peaks or “balds” | 


are formed largely of white. quartzite which makes prominent 


white cliffs visible from the south for many miles. : In the South- ` 


ern Appalachians the name “bald” is given to treeless: domes . 


- because generally nothing. "but grasses, ferns, and stunted ^ 
. Shrübs grow in ‘the cold, humid climate of the high mountains. _ 
. The writers found that thẹ formation which caps the Big Butt 


> 
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and adjacent part of Rich Mountain consists of two massive 
‘beds of white quartzite each about 80 feet thick, composed of 
granular quartzite without distinct bedding layers and pitted on 
weathered surfaces by rust-stained holes. The two quartzites 
are separated by about 20) feet of softer beds, largely dark- 
green, fine-grained, dense arkose and earthy-weathering argil- 
lite. The white quartzites and interbedded rocks which cap the 
peaks and short ridges are the youngest formation in the section 
on the Bald Mountains. Beneath this formation are slates with 
beds of dark-green, fine-gramed, dense arkose, which are under- 
lain by a crumbly, poorly assorted, coarse-grained arkose con- 
taining thin resistant beds of conglomerate which contains 
pebbles of milk-white quartz and black slate and thin layers 
of black slate. On the south side of the Big Butt, these con- 
glomeratic beds form Gravel Knob, Green Ridge, and Snakeden 
Ridge. West of Gravel Knob the conglomerate contains a thin 
metadiabase sill, intruded parallel to the bedding. It resembles 
a metadiabase sill which occurs in similar beds on South Indian 
Creek, three miles southwest of Erwin. Below this conglom- 
 eratic arkose is a thick series of dark-banded slate and hackly- 
weathering, dark argillite. Still lower beds, which comprise the 
basal part of the Ocoee series, consist of dark, argillaceous 
quartzite with scattered quartz grains, black, vitreous quartzite 
composed of black, glassy quartz grains, and interbedded black, 
dense, graphitic slate. These basal beds rest in stratigraphic 
position on the early pre-Cambrian injection. complex. 

Safford’? described the formations on the Bald Mountains as 
follows: - 

“The Big Butt...is... made up of the conglomerates and 
slates of the Ocoee group. The latter are pale greenish, mostly, 
but include some purple slates. Much of the conglomerate is 
coarse; pebbles as large as pigeon’s eggs are abundant, but they 
are often larger. The general appearance of these rocks recalls 
portions of the Ocoee River section.” The conglomerate 
described by Safford evidently is that which occurs on Gravel 
Knob adjacent to the peak of Big Butt, because no conglom- 
erate is present in the quartzite that forms the peak. 

The section exposed on the Bald Mountains closely resembles 
that on Nolichucky River. The white quartzites of the 
Big Butt and Rich Mountain are comparable in lithology and 

“Safford, J. M.: 1869, Geology of Tennessee, p. 194. 
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thickness with the white quartzite that fórms Jump Hill and 
Stony Point; in the section at both places, beds of crumbly 
arkose and fine, quartz conglomerate underlie the white quartz- 
. ite, and beds at and near the base of the section consist of 
" black quartzite interbedded with dense, black slate. 

Near Nolichucky River and in the Bald Mountains the 
thinner-bedded rocks and some of the thicker beds, such as 
the conglomeratic arkose with black slate beds at Gravel Knob, | 
are closely folded. The white quartzites and interbedded arkose 
and argillite on the Big Butt and Rich Mountain are enclosed 
in a narrow eyncline about six miles long, and to the southwest 
these quartzites are enclosed in another syncline where they 
. cap the Bald Mountains in the vicinity of Chimney Rock and 
Camp Creek Bald. The white quartzites and interbedded: rocks 
near Stony Point and Jump Hill on Nolichucky River occur 
. also in short synclines. 

' Because of the hthologic and — similarity of the 
rocks in the two sections, and because the two areas are strati- - 
graphically continuous, the writers consider that rocks in both 
areas are parts of the same series, and, like Safford, include 
them in the Ocoee series and not in the Lower Cambrian. ‘These 
Ocoee rocks differ from Lower Cambrian rocks in the following 
particulars ; the basal beds are black quartzite and black slate, 
while the basal Lower Cambrian is composed of crumbly coarse- 
grained arkose and thin layers of soft argillite. They. lack the 
basalt flows which are characteristic of the Lower Cambrian 
- Unicoi formation. The crumbly, arkosic quartzite and con- 
glomerate that form Green Ridge and Snakeden Ridge are 
poorly sorted and contain black slate pebbles and interbedded 
black slate, and are not hke any known Lower Cambrian forma- 

tion. Because the white quartzites at the top are not well bedded, 
are lenticular, and relatively thin, and are separated by beds of 
arkose and argillite, they do not form long continuous ridges, 
which is the characteristic topographic expression of the thick 
well-bedded quartzites of the Lower Cambrian; instead, the 
quartzites at the top of the Ocoee cap isolated mountain crests. 

In the Greeneville and Roan Mountain folios, Keith mapped 
the white quartzites and interbedded rocks of the Big Butt, 
Camp Creek Bald, Jump Hill, and Stony Point chiefly as Nebo. 
quartzite. In these folios he described the Nebo as “Massive 
white quartzite and sandstone, coarse and fine, with a few layers 
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eastern part of the belt the Ocoee series is not much metamor- 
phosed; southwest of the Asheville quadrangle, the Ocoee 
series in the southeastern part of the belt is highly metamor- 
phosed. .There the Hiwassee slate, Great Smoky conglom- 
erate, Nantahala slate, and equivalent formations contain bio- 
tite, garnet, and, in places, staurolite, and the rocks of these 
‘formations include mica schist, garnet schist, staurolite gneiss, 
biotite gneiss, micaceous garnetiferous “graywacke,” and bio- 
titic conglomerate. ' Deformation in this metamorphosed belt 
has produced. close folds, has sheared out the crests of the 
folds, and has developed a regional foliation commonly pese 
to the layers. | 

Because of their limited field knowledge of the southwestern 
part of the belt of the Ocoee series and because of the metamor- 
phism and close folding of the rocks there, the writers are not 
able to correlate the divisions of the Ocoee described above with 
those to the southwest. The most complete section of the Ocoee 
in the southwestern part of the belt occurs in the Mount Guyot 
quadrangle. There the basal formation of the Ocoee series 
overlies the early pre-Cambrian injection complex in the eastern 
part of the quadrangle, five miles east of Crestmont, and the 
higher formations of the series cap the crests of the Great 
Smoky Mountains southwest of Crestmont. The sequence of 
the formations of the Ocoee series in the Mount Guyot quad- 
rangle, based on the mapping by Keith, and of equivalent for- 
mations in the adj acent region, 1s given in the following table: 


Sequence of Fo ormations of the Ocoee Seria 


Mount Guyot quadrangle . Other quadrangles mapped 
(Keith) 






Hazel slate Nantahala slate 


Thunderhead conglomerate Great S 
l Ocoee series Cades conglomerate } a a i 
Pigeon slate i E 


? 


Citi ] 
nowbird formation w bis Beas omerate 
Unconformity Unconformity 


Injection complex (Cranberry and Max Patch granites 
of Keith) 


Early pre- 
Cambrian 
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of sandy shale and reddish sands-one" and stated. that “prac- 
tically all of the formation is conrposed of quartzite and sand- 
stone,” and gave its thickness as 2)0 to 900 feet. This descrip- 
tion may apply to the Nebo quarzzite of well-established Cam- 
brian age which makes foothills along the northwest side of the 
Bald Mountain and in Cherokee Mountain, which is the north- 
eastward continuation of these feothills, where the Nebo is a 
thick, massive, and well-bedded quertzite that forms long, linear 
ridges. The Cambrian quartzite <n these ridges does not at all 
resemble in lithology, thickness, or topographic expression the 
white quartzites and interbedded rocks that form the Big Buit, 
Jump Hill, and Stony Point to TEE also Keith a the 
name Nebo. 

The thin series of slate and — dense — beneath - 
the white quartzite on the Big Butt Keith mapped as Nichols - 
slate, and the underlying conglomeratic arkose and black slate, 
. Which forms Gravel Knob and Snskeden Ridge, he called Coch- 
ran conglomerate. The Cochran conglomerate in the estab- 
~ lished Cambrian section in Cherokee Mountain is a hard, white, 
vitreous, well-bedded quartzite, in part current bedded, and 
thin-bedded quartzite with interbedded gray slate. These 
characteristic Cambrian features are not present in the con- 
glomeratic arkose of Gravel Knob, Green Ridge, and elsewhere 
in the Bald Mountains to which Keith applied the name 
Cochran. 

The thick series of dark-banded slate and hackly-weathering, 
dark argillite, beneath the so-called Cochran conglomerate of 
Green Ridge, Keith mapped as -iwassee slate. The black, 
argilaceous quartzite, vitreous, black quartzite, and black 
slate at its base Keith mapped as Snowbird formation, assigned 
them to the basal Lower Cambrian, and regarded them as 
‘equivalent to the Unicoi formation. These basal beds are litho- 
logically unlike the Unicoi formation or any other formation 
known in the Lower Cambrian. The names Hiwassee slate and : 
Snowbird formation are derived from outcrops of Ocoee rocks 
and not outcrops of Cambrian rocks, and therefore they may be 
properly applied to formations in the Ocoee series but not to 
Cambrian rocks. 

The Ocoee series in the northeastern part of the belt differ 
from the Ocoee series farther socthwest mainly in degree of 
BOUES and intensity of compression. In the north- 
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The writers have attempted to determine the equivalence of 
these formations of the Ocoee series with formations of the Ocoee 
to which Keith later gave Cambrian names. From their field 
observations they conclude that Keith mapped as Nebo quartz- 
ite the highest white quartzite in the Ocoee series, which prob- 
ably is the equivalent of the Clingman conglomerate in the 
Mount Guyot and Knoxville quadrangles; that he mapped as 
Cochran conglomerate, conglomeratic arkosic quartzite, which 
may be part of his Great Smoky, Thunderhead, and Cades con- 
glomerates. The slates and argillites and the underlying ferru- 
ginous quartzite, near the base of the Ocoee, Keith called 
Hiwassee slate and Snowbird formation in regions where he 
used Cambrian names for the higher formations. In Fig. 2 the 
writers show the generalized subdivisions of the Ocoee series 
throughout its extent, based on Keith’s maps and interpreted in 
- terms of the Ocoee section as stated above. 

Three areas of rocks that resemble the Ocoee series he out: 
side the Great Smoky overthrust block. One small area at the 
west border of the Roan Mountain quadrangle, eight miles 
southwest of Erwin, consists of black quartzite and black 
graphitic slate and lies on the injection complex of the Holston 
Mountain block. In the Asheville folio two areas of metamor- 
phosed sedimentary rocks, which Keith mapped as Hiwassee 
slate, Great Smoky conglomerate, and Nantahala slate, may 
belong in the Ocoee series. He correlated the two upper forma- 
tions respectively with the Cochran conglomerate and Nichols 
slate, and shows the underlying Hiwassee slate resting for the 
most part on granites of Archean age. 


AGE OF THE OCOEE SERIES. 


The age of the Ocoee series has not previously been estab- 
lished. It has been called Eozoic by Safford; probably Algon- 
kian by Hayes; age unknown, Silurian, Paleozoic, and Lower 
Cambrian by Keith; Cambrian by La Forge and Bayley; and - 
Cambrian in part and pre-Cambrian in part by the Georgia 
Geological Survey. On the Geological Map of the United 
States? and in a report,published by the junior author,” 
the Ocoee series was called in part Cambrian and in part pre- 

* Geological map of the United States; U. S. Geological Survey, 1988. 


9 Jonas, A. L: 1982, Structure of the metamorphic belt of the southern 
Appalachians: Amer. Jour. Sci, 5th Ser., Vol. 24, p. 240. 
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Cambrian. Keith's early evidence that the Ocoee series is of 
late Paleozoic age is nullified by the establishment of thrust 
relations of the Ocoee series to the Paleozoic rocks in the 
Mount Guyot and Knoxville quadrangles. 

The two main reasons why the position of the Ocoee series in 
the stratigraphic column has not been fixed with certainty are 
that no fossils have been found in the series; and that along 
the northwest. border, the belt of Ocoee rocks is everywhere 
separated.from rocks of established Paleozoic age by a thrust 
fault, the Cartersville overthrust in Georgia and the Great 
Smoky overthrust in Tennessee. In the Roan Mountain and 
Greeneville quadrangles, however, the writers have found evi- 
' dence of the age of the Ocoee series. On the southwest slope of 
Buffalo Mountain the basal beds of the Unicoi formation of 
Lower Cambrian age overlie the Ocoee series. Although the 
writers did not find an actual contact of these Lower Unicoi: 
beds and the rocks of the Ocoee series, the two series appear to 
be in stratigraphic sequence and not in fault relation. The 
Unicoi formation in Buffalo Mountain consists of the three 
characteristic divisions ; coarse-grained arkosic quartzite at the 
base; medial basalt flows; hard white quartzite in the upper 
part. The coarse-grained, arkosic quartzite at the base over- 
lies finely laminated, rust-specked quartzite which is typical of 
the Ocoee series. In the southeastern part of the Greeneville 
quadrangle black quartzite interbedded with black graphitic 
slate, which Keith mapped as Snowbird formation, forms the 
base of the Ocoee series and rests on the injection complex of ` 
early pre-Cambrian age. There the injection complex consists, 
in large part,of the Cranberry granite of Keith and in part of 
biotite augen gneiss similar to a gneissic rock which elsewhere 
Keith has called Max Patch granite. In the Asheville quad- 
rangle, south of the Hot Springs window, and in the eastern 
part of the Mount Guyot quadrangle, the Snowbird formation 
rests on the injection complex. The strike of the basal beds - 
-= of the Ocoee series in these areas is discordant with the struc- 
tures of the rocks of the injection complex. The injection com- 
plex is highly metamorphosed and the Ocoee series is not, and 
the two series are separated by a marked structural and ero- 
sional unconformity. 20 
. Evidence has been given to show that the Ocoee series over- 

hes unconformably the injection complex of early pre-Cambrián 
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age and is much younger than the injection complex; that the 
rocks of the Ocoee series are distinctly different in lithologic 
character from the Lower Cambrian rocks, and its mappable 
units differ from those of the recognized Lower Cambrian for- 
mations; that in the few places where the Lower Cambrian and 
Ocoee rocks are known to occur in contact and not in: fault 
relation, the Ocoee appears to lie stratigraphically beneath 
basal beds of the Unicoi formation of Lower Cambrian age, and 
to be older than Lower Cambrian. The Ocoee series, therefore, 
is believed by the writers to be of late pre-Cambrian age. 


CORRELATION OF THE OCOEE SERIES. 


The Ocoee series is here correlated with the Lynchburg gneiss | 
and its equivalents, with the Mount Rogers volcanic séries, and 
with the Talladega series. The Lynchburg gneiss and its equiv- 
alents in northern Virginia lle on the eas: limb of the Catoctin 
Mountain-Blue Ridge anticlinorium to a point about 20 miles 
southwest of Lynchburg. Southwest of that point, in Virginia 
and North Carolina, the Lynchburg gneiss has been thrust 
northwestward on the Gossan Lead thrust fault over the early 
pre-Cambrian injection complex and overlying Lower Cambrian 
rocks of the Holston Mountain block. 

The Lynchburg gneiss at its type locality at Lynchburg, 
Va.,** is composed of quartzose, garnetiferous mica gneiss and 
mica schist, in places graphitic. Northeast of the type locality 
the Lynchburg gneiss merges into a less-metamorphosed series 
of coarse-grained arkose, quartzites, and graphitic slate. In 
the Warrenton quadrangle the series has been called the Fau- 
quier formation by Furcron,** who described it as composed of 
black, graphitic slate and quartz-mica schist. 

The Rockfish conglomeraze, which lies at the base of the 
Lynchburg gneiss at many places, overlies the early pre-Cam- 
brian injection complex ard contains cobbles and pebbles 
derived from the complex. In northern Virginia where the 
conglomerate is absent in places, coarse arkose lies at the base 
of the series. In the Gossan Lead overthrust block in southern 
Virginia and in North Carolina the Lynchburg gneiss is more 


* Jonas, A. L, and Stose, G. W.: 1989, Op. cit. Amer. Jour. Scl, Vol. 287, 


- pp. 688-590. 


* Furcron, A. S.: 1989, Geology and mineral resources of the Warrenton 
quadrangle, Va.: Virginia Geol. Surv. Bull. 54 pp. 87-41.. 
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highly metamorphosed than i in central and northern Virginia, 
.- and is a closely folded series of biotite-quartz gneiss and schist, 
inm places garnetiférous ‘and staurolite bearing. In part it is a 
` > spangled | muscovite-garnet' sckist, biotite quartzite containing. 2n 
quartz grains, and graphitic and ferruginous quartzose mica 
. gneiss and schist: Northeast cf Lynchburg, on the east limb of $ 
-the Catoctin Mountain-Blue Ridge articlinorium, the Lynch- 
-\ “burg gneiss, Fauquier-formation, and equivalent rocks underlie '. ` 
_ ' the Catoctin basalt. On the west limb of the anticlinorium in 
- northern Virginia, a series of taffaceous and arkosic sediments”? `- 
underlie. the Catoctin basalt and overlie the injection. complex: 
` The writers have named this formation the Swift Run tuff. 
das = ¿DO Loudon. formation and Weverton quartzite of Lówer 
A Cambrian age overlie the Catoctin basalt on both limbs of the 
-anticlinorium, and in places tke Lower Cambrian rocks. overlap 
` onto «the injection complex. The Catoctin basalt and the 
underlying Swift Run tuf and Lynchburg gneiss are older ` 
than the Lower Cambrian and. younger than the injection com-. ' 
plex and are of-late pre-Cambrian age. The Ocoée series, which” -` 
resembles the Lynchburg gneiss in lithology and:in variability . 
. of metamorphism, and occupies a similar stratigraphic position, 
, 18 theréfore of the same relative age as the Lynchburg. 
- The Fauquier formation and the Lynchburg gneiss in‘ Vir- 
| . ginia and the Lynchburg gneiss in North Carolina are intruded 
of | “dy gabbro and peridotite which have been metamorphosed to - 
' hornblende gneiss and serpentine. - These intrusions and related 
3netadiabase dikes which cut the injection complex in northern | 
- Virginia are genetically related to.the Catoctin basalt and are " 
. of late pre-Cambrian age. In the northeastern part of the belt 
Cov, ‚the writers have found' a few tain silis or dikes of diabase in the 
o 4 Ocoee series. The diabase resembles the intrusions pos described | 
-..' "andis probably. of the same age. . i of 
^ The Mount Rogers: volcanic. series?! lies on the: ivi cost E 
limb of the Elk Creek anticline in soutliwestern.Virginia and `` 
northern North Carolina. and Tennesgee. In Virginia the vol-' 


+ Jonas, A. L, and Stose, G. W.: 1680, Op. cit. — Jour. Scl, Vol. 287, ^ 
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* Stose, G: W., and Jonas, A. L.: Pre-Cambrian and — Cambrian’ 
~ quartzose rocks of southeastern C-arke County, Virginia: ME Geol. 
. Surv. (Report transmitted. for publication.). . 
“Jonas, A. L, and Stose, G, W. 1989, » Op. cit; “Amer. Jour. Sci, Vol, 
~ 281, pp. — r : 3 
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canic series extends from a point eight miles northwest of Inde- 
pendence southwestward for 80:-miles to the State line. The 
volcanic series, which is 1,000 feet or more thick, is composed 
of a thick series of rhyolite flows underlain by tuff, arkose, and 
basalt flows, and overlain by a series of red tuff and arkose. 
The Mount Rogers volcanic series is of late pre-Cambrian age 
because it overlies and is structurally discordant, with the 
injection complex and is overlain by the Lower Cambrian Uni- 
coi formation. A network of rhyolite arid diabase dikes, related 
to the flows of the volcanic series, penetrates the injection com- 
plex of the Elk Creek anticline but does not cut the overlying 
Lower Cambrian rocks. The writers correlate the Mount 
Rogers volcanic series with the Catoctin basalt, Swift Run tuff, 
Lynchburg gneiss, and associated intrusives, because they have 
similar stratigraphic relations to older and younger rocks and 
are of the same relative age. Although the Ocoee series con- 
tains no extrusive rocks, such as make up a large part of the 
Mount Rogers volcanic series, the writers correlate the Ocoee 
series with the Mount Rogers series on the basis of their similar 
stratigraphic position and age and the resemblance of arkosic 
beds present in both series. 

In northwestern North Carolina and in Georgia, the Ocoee 
series contains intrusive rocks, largely granite, which are more 
widespread in the southeast part of the belt of the Ocoee series. 
- The largest area of granite is a narrow band which extends 
from a point seven miles south of Crestmont southwestward for 
about 20 miles. (See Fig. 2.) This granite area is shown in 
part on Keith's manuscript maps of the Mount Guyot and 
Cowee quadrangles. Where seen by the writers north of Whit- 
tier, North Carolina, it is a muscovite-biotite granite which 
intrudes, injects, and replaces rocks of' the Ocoee series. 
W. S. Bayley describes the Salem Church granite, west of Tate, 
as intrusive in the Hiwassee slete, which is saturated near the 
intrusive contact with granitic material. Crickmay in his 
paper on the Talladega series?? states that the Corbin granite, 
lying east of Cartersville, is intrusive into and younger than the 
“Talladega schists,” and that in places the granite penetrates 
the schists in streaks and lenses. The granites mentioned above 
are similar in character to the Whiteside granite of Keith," 

* Crickmay, G. W.: 1986, Op. cit, Geol. Soc. Amer. Bull, Vol. 47, p. 884 


€ Keith, Arthur: 1907, U. S. Geol Surv., Geologic Atlas, Pisgah folio 
(No. 141), p. 4. ` 
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which intrudes the rocks of the Tusquitee overthrust block in 


wide areas in North Carolina, 'The writers agree with Keith's 


statement in the folio, that they are in large part free from 


metamorphism and may be as late as Carboniferous in age. 
The Ocoee series in Cohutta and Fork Mountains, in the 

Dalton quadranglé, Georgia, contains tale deposits. In his 

paper quoted above, Crickmay says that the tale was formed 


from the alteration of'metaperidotite. La Forge’? described a 


gabbro-like dike rock in the Great Smoky formation near Cop- 
perhill, Georgia. He says that it is somewhat deformed but 
is probably of late Paleozoic age, and he correlated it with the 
ultramafic rocks that occur in the Dalton quadrangle. Laney?? 
states that the gabbro near Copperhill was intruded into the 
Great Smoky formation as sills prior to folding, and that the 


original minerals are altered. In method of intrusion and the 


alteration of its minerals, the gabbro near Copperhill resembles 


the metadiabase which occurs in concordant sills in the Ocoee 


series in the northeast part of the belt. It is possible that the 


¢ 


gabbro and ultramafic rocks in Georgia also are of late pre- 


Cambrian age. ' 
Southwest of Cartersville, Georgia, the Ocoee series extends 


across western Georgia and passes into Alabama, where Smitht? . 


named it the Telladega series from exposures in the Talladega 
Hills, Alabama. In Alabama the Talladega series lies south- 
east of the Great Valley in a belt eight to 22 miles wide. The 
Talladega series is thrust northwestward on.the Cartersville 
fault over Paleozoic rocks of the Great Valley, and is cut off on 
the southeast bv the Tusquitee overthrust. (See Fig. 2.) 
Butts," who has mapped a large part of the Talladega series 
in Alabama, called it the Talladega slate. He states (p. 60) 
that it is the consensus of opinion that the Talladega slate of 
Alabama includes the equivalent of the Ocoee series of Safford 
in Tennessee. He describes the Talladega as consisting of slate 
and sericitic phyllite with beds of conglomerate, quartzite, lime- 
* La Forge, Laurence: 1918. Ellijay folio, Op. cit, p. 8. 
* Emmons, W. H., and Laney, F. B.: 1926, Geology and ore deposits of 
ns pir mining district, Tennessee: U. $, GEOR Survey Prof. Paper 
w Smith E. A.: 1986, A general account of the character, distribution, 


and structure of the crystalline rocks of Alabama and the mode of occur- 
rence of the gold ores: Ala. Geol. Surv. Bull. No. 5, 108-180. 


* Butts, Charles: 1926, Geology of Alabama, The Paleozoic rocks of Ala- ' 


b&ma: Ala. Geol. Surv. Spec. report 14, pp. 49-61. 
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stone, marble, chert, and graphitic phyllite. The writers agree 
with Crickmay** that “In view of the diverse lithology, the des- 
ignation, series, is preferred to that of Talledega slate.” Butts 
said also that “The Talladega slate represents a time beginning 
possibly i in the — period and extending as now known 
into the Paleozoic era." He based this statement on the pres- 
ence of fossiliferous Jemison chert of Devonian age and of 
fossiliferous Erin shale of Carboniferous age within the area of 
Talladega slate, which he regarded as part of the series. It 
has been shown,*® however, that the Erin shale is not an integral 
part of the Talladega series but is exposed in a window in the 
overthrust block. It’ seems probable to the writers, also, that 
the Jemison chert has a similar relation to the Talladega series 
and is not a stratigraphic part of the series and that the pres- 
ence of Paleozoic fossils in the Erin shale and the Jemison chert 
has no bearing on the age of the Talladega series. 

The most convincing evidence of the age of the Talladega 
series is found in the Columbiana quadrangle, Alabama, where 
Butts** states that the Lower Cambrian: Weisner formation “is 
apparently in unconformable relation to the Waxahatchee slate 
[of the Talladega series] below, and conformably underlies the 
Shady dolomite above.” These relations are shown where the 
Weisner formation, in a northeastward-plunging syncline, forms 
the horseshoe-shaped Columbiana Mountain. At the contact 
of the Weisner formation and the Waxahatchee slate, the 
Brewer phyllite and Wash Creek slates, which Butts regards as 
formations of the Talladega series younger than the Waxa- 
hatchee, are absent. The pre-Cambrian age of the Talladega 
series In Alabama thus seems to be clearly established. 

The Talladega series of Alabama is stratigraphically con- 
tinuous northeastward into the Ocoee series of Safford and 
Hayes in Georgia and Tennessee. The writers correlate the 
Talladega series of Alabama with the entire belt of the Ocoee 
series as defined in this paper. In Georgia and northeastward, 
Crickmay restricts the name Ocoee series to the rocks in the 


“ Crickmay, G. W.: 1986, Idem., p. 1872. 
“Jonas, A. I.: 1982, Structure of the metamorphic belt of the Southern 
Appalachians: Amer. Jour. Sci, 5th series, Vol. 24, pp. 228-248. 
Park, C. F.: 1985, Notes on the structure of the Erin shale of Alabama: 
Wash. Acad. Sci. Jour., Vol. 25, pp. 216-279. 
^ Butts, Charles: 1940, U. S. Geol. Surv. Geologic Atlas, Montevallo- 
Columbiana folio (No. 266), p. 4. 
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northwestern zit üt the belt, sid he saunders: to ‘be of 


. Lower:Cambrian age, and correlates the Talladega series, which 
“he considers to be of pre-Cambrian age, with rocks: in the 


southeastern part of the belt. He separated the “Talladega .' 


"EE series” from the rocks he called Ocoee by,a thrust fault which : 


^ 
n 


ee 


enters the highland belt at a point ten miles northeast of Chats- 
worth and 40. miles northeast of Cartersville, ` and he applied `- 


'" the name Cartersville to this fault. The Cartersville fault, as 


defined by Hayes," follows the western and northwestern border 


., of the Ocoee series all across northern Georgia and into Tennes- » 
' see ‘to the northeast edge of the Cleveland quadrangle. ' The - 


writers beliéve that the original. definition of this fault should 


' , beadhered'to. They propose the name Cohutta, overthrust for 


the minor-fault which branches from the Cartersville thrust east 


of Chatsworth, passes through the Cohutta Mountains, and . 


apparently dies out near Hiwassee River in Tennessee. On the 


` ‘geologic map of the United States published by the U. S. Geo- 
^- -^]ogical Survey i in 1988, a fault is shown in the position indicated 


"by Crickmay in Fig. 1 of his report. ' It separates rocks on the 


southeast that were believed to be of pre-Cambrian age from . 


. * --rocks on the northwest that were at that time regarded as Cam- 


brian. , The junior author'? of this paper also recognized this + 


fault within the highland belt but did not name it. "The fault 


. marks a zone in which metamorphic: minerals in the rocks have 


been degraded from higher to lower rank, and in which folded 


' structurés have been deformed. - The’ junior writer at that time 


believed that on this fault pre-Cambrian rocks ,were thrust 


| northwest over Cambrian rocks. On the basis of later field work 
+ .on the Otoee series, ‘the. writers now beliéve that the rocks ‘on 
- both sides of the Cohutta thrust, are pre-Cambrian in age and 


are part of the Ocoee series, and that the thrust occurs along, ac 
movement zone within the Ocoee series. >. 
Dual. metamorphism and close folding; with partial oblitera- 


+ tion of original structures and folding of schistose planes, were. 


«noted by La Forge in the rocks of the Ellijay quadrangle.” 


Crickmay in his report (pp. 1387- -1890) described in detail 
these features in the Talladega series as restricted. by him to 


"the southeastern part of the Ocoee belt, and statéd that the 
Do rocks he called Talladega contain a folding and metamorphism 


E ^ Hayes, C. W.: 1891, Op. clt, Geol: Soc. Amer. Bull; ‘Vol. Boot 
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not present in the Ocoee rocks of the northwestern part of the 
belt, which he considered to be Cambrian, and that the first 
folding and metamorphism occurred in pre-Cambrian time. He 
presented these structural and metamorphic features as the - 
main argument for the pre-Cambrian age of the rocks of the 
southeastern part of the belt. Hayes noted variability of 
metamphorism also in the rocks of the Ocoee series along the 
border of the Cartersvile thrust in Georgia and 'lennessee, 
where deformation of metamorphic structures produced “curly” 
slates similar to the **bullshead" slates which Crickmay restricts 
to the pre-Cambrian rocks of the southeastern part of the belt. 

From evidence obtained in their recent field work, the writers 
believe that the Ocoee series, in the northeastern part of the 
belt, was little folded or metamorphosed in pre-Cambrian time. 
In the Roan Mountain, Greeneville, and Asheville quadrangles 
neither the Ocoee nor the Lower Cambrian quartzose rocks are 
much metamorphosed, and also in that area the Ocoee series 
shows no evidence of a folding that is not shared by the Lower 
Cambrian rocks. The writers ascribe the major folding and 
overthrusting of both series to late-Paleozoic deformation. 
They ascribe also much of the metamorphism of the Ocoee 
series in southern North Carolina and Tennessee to the regional 
metamorphism during the late-Paleozoic. They suggest also 
that some of the metamorphism may have been produced by hot 
solutions given off by the late-Paleozoic granitic masses which 
were intruded into the Ocoee series in that region. The change of 
metamorphic minerals to minerals of lower metamorphic rank 
and the deformation of. folded structures in the Ocoee series 
occur largely along the Great Smoky, Cartersville, and Cohutta 
overthrusts and appear to be related to the strong differential 
movement of the rocks in these thrust zones. They correlate 
with the Talladega series of Alabama both the southeastern 
part of the belt in Georgia, Tennessee, and North Carolina, 
called Talladega by Crickmay and the northwestern part which 
contains the type locality of the Ocoee series of Safford and 
Hayes. The Ocoee series as defined in this paper is litho- 
logically similar and stratigraphically continuous with the 
Talladega series of Alabama and both series are late pre- 
Cambrian in age. 
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SUMMARY OF CONCLUSIONS. ‘ 


The evidencé presented in this paper seems to warrant the © 
following conclusions. The Ocoee series is a definite strati- 
graphic unit which extends from the southwest end of Buffalo 
Mountain, Tennessee, southwestward across Tennessee, North 
Carolina, and Georgia, covering’ essentially the area called 
Ocoee by Safford in Tennessee and by Hayes in Tennessee and 
Georgia. The Ocoee series is distinct in lithology: from the 


- Lower Cambrian quartzose rocks of southern Virginia and 


northern Fennessee and from the Lower Cambrian Chilhowee 


" group and it is not of Cambrian age but is of late pre-Cambrian 


$ 


age. The thick series of coarse-grained quartzose rócks com- 


. posing the Great Smoky Mountains, therefore, is not a great 


local expansion of Lower Cambrian quartzose rocks, as here- 
tofore believed. Because of the difference in age and lithology, 
none of the formations of the Ocoee series is equivalent to 
formations of the Chilhowee group or to any other formations 


of known Lower Cambrian age. Serious confusion: of the 
i stratigraphic sequence, the misapplication of formation names, 


and errors in structural interpretation of the region have 
resulted from miscorrelation of formations of the Ocoee series 
with Lower Cambrian formations by some of the .previous 
workers in the region. Formations mapped as Hesse quartzite, 
Murray shale, Nebo quartzite, Nichols slate, and Cochran coñ- ` 
glomerate, that do not occur in a section of well-defined Lower 
Cambrian sequence, have no stratigraphic value. 

The late pre-Cambrian age of the Ocoee series is established | 
by the fact that the Ocoee series, in the northeastern part of 
the Great Smoky thrust slice, underlies Lower Cambrian Unicoi 
formation and overlies the injection complex of early pre-' 
Cambrian age, and also from the fact that, in Alabama, the 
Talladega series, which is a: southward continuation of the 
Ocoee series, is uncomformably overlain by the Lower Cam- 
brian Weisner quartzite. The Ocoee and the Talladega series . 
are equivalent in age to the Mount Rogers volcanic series of 
southern Virginia and northern North Carolina and Tennessee, 
the Lynchburg gneiss of central and northeastern Virginia, and 
the Fauquier formation, Catoctin basalt, and Swift Run tuff 
of northern Virginia. 
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FOSSIL GAVIALS FROM NORTH INDIA: 
RICHARD SWANN LULL. ) 


ABSTRACT. An apparently new species of gavial is described from the 
Dhok Pathan, Middle Siwalik of the Punjab, India, together with some 
discussion of the apparent evolutionary changes which these crocodiles have 
' undergone as shown by their fossil remains. . 


INTRODUCTION. 


HE Yale North India Expedition of 1982 collected verte- 

brate fossils largely in Punjab, through the immediate 
labors of Dr. G. Edward Lewis. Among other interesting 
forms which came to light were portions of at least three 
gavials, one a very fine skull and jaws, but lacking the anterior 
two thirds of the rostrum and the others. two cranial rostral 
fragments, widely separated in time. These specimens form 
the basis for this paper, the skull particularly being worthy 
of record and description. 

The material under consideration’ consists therefore, first of 
the skull of a huge gavial bearing the Field Number 19, Cat. 
No. Y.P.M.VP-3226, occurrence Middle Siwalik, Dhok Pathan. 
Locality south of the Soan River, east of the Ghambhir Kas 
and seven and one-half miles east-by-south of the village of. 
Dhok Pathan. (Lat. 38° Y N. Lon. 72° 28’ approximate.) 
Second a fragment of the cranial rostrum from the anterior 
nares back to just beyond the fifth pair of maxillary teeth. 
This portion bears the Field Number 79, Cat. No. Y.P.M.VP- 
8227. Occurrence, Upper M:ddle Siwalik, Bhandar, now con- 
sidered a local facies development of the Dhok Pathan. Locality 
one and one-half miles west of the village of Bhandar and three- 
fourths of & mile west of the Bhandar River (Lat. 82? 50' N., 
' Lon. 73? 18' E. approximate). The third specimen, Field No. 
-99, Cat. No. Y.P.M.VP-3228, is also a portion of the rear 
of the cranial: rostrum including 7 or 8 teeth or their alveoli 
and portions of the nasal, palatal and maxillary bones. Occur- 
rence, Lower Upper Siwalik, T'atrot. Locality about two miles 
slightly north of east of the town of Padhri. (Lat. 78? 58’ 
N., Lon. 82° 20' E. approximate.) . 
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DESCRIPTION or SPECIES. 


Gavialis lewis? sp. nov. 


Material: The holotype Y.P.M.VP-3220, 1s the finely pre- : 
served skull of a large gavial, intact from the rear forward to 
the anterior termination of the palatine bones, with an equiva- 
lent length of the mandible. A slender stapes was also found | 
within matrix near the external auditory meatus. The anterior 
end of the muzzle, however, which so often shows diagnostic 
characters, is lacking, nor is there sufficient of the rostrum to 
determine whether any degree of curvature was present—also 
& distinctive character. Little if any crushing or other dis- 
tortion of the specimen is in evidence. 

.. Occurrence: The posrtion of this species in — geologie 
column is about midway in the known distribution of the genus 
Gavialis, having been found in the Dhok Pathan formation 


.. which is Middle Siwalik; Middle Pliocene. 


Locality: South of the Soan River not far from the village 

of Dhok Pathan which gives its name to the horizon. 
^ Specific characters: -` 
Cranium: Dorsal aspect (Fig. 1). . 
Profile in front of the orbits is abruptly concave, and the 
. anterior rim of the orbits strongly everted. Orbits about 
equal in size the supratemporal fenestrae, but the interorbital 
(frontal) bar is about four times the width of the parietal bar, 
, separating supratemporal fenestrae.. The latter are subtri- 
' angular with.rounded angles and are slightly longer than | 
broad. The quadrates and quadratojugal bones are widely 
- expanded. 

Palatal aspect: (Fig. 2) The palatal vacuities a are elongated 
oval, with the palatal bar which separates them widening 
strongly toward the front, instead of being parallel sided as in . 
the existing species. The ventral aspect is marked by deep 
concavities especially in the region of the pterygoid bones. 
There is also a “slight longitudinal depression running the 
length of the combined palatine bones. One very distinctive . 
feature is the great relative width of the internal narial aper- 
ture, which is separated fram the general surface of the ptery- 
l goids by a high, thin, transverse ridge, which forms part of a 
parapet entirely surrounding the RS except at the ae 
ends. px 
A characteristic gavial — lies in the globular swelling 

1 Named in honor of its discoverer, G. Edward Lewis. | 


i 


^ 


rr 
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| -of the plerygoid bones that: arise on ‘either ade of. the midline’. 
‘and are clearly visible both from above, through’ the orbits and. 
below through the palatal vacuities. In the present specimen, 


an aged individual, these: swellings are huge and somewhat — 
irregular i 1n: — but — of goose eggs in gize. They B : 





oc 
YPM | VP-3226 


Fig. 1. Gavialis levisi n.'sp. — — of skull No. YPM. VP- 
8228. One-fourth natural size. | "n 


are very issued and the cavities within, communicate m 
the narial canal. ; i 
‘The alveolar margins: of ‘the maxillis are € beveled, but there 


: 1s no sign of interdental pis to receive the summits of the 


List of bones: bo, basioccipital; ect,’ ectopterygoid ; ‘exo, exoccipital; f, 
frontal; gs, globular. swelling of pterygoid; Ina, internal narial aperture; 


. Itf, infratemporal fenestra; j, jugel; qu, quadrate; q); quadratojugal ; 


1, lacrimal; max, maxilla; na, nasal; o, orbit; oc, occipital condyle; pa, 
parietal; pal, palatine; pv, palatial .vacuities ; po, postorbital; prf, prefontal; . 
pt pterygoid; - 80, 'Bupreoccipitals 8d, neers S, ei iS 


: — 


r 


Drawn by Nelda E. Wright. 
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Fig. 2. Gavialis lewisi n.sp. Palatal aspect of skull. One-fourth natural 





Fig. 8. Gavialis lewisi n. sp. Lateral — of skull. One-fourth 


natural size. ; | 
/ 


? 


: natural size, 
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mandibular teeth. The teeth, of which six. were cvidently pres- 
ent on eithér side behind the anterior termination of the pala- 
tine bones, are fairly large, and though somewhat variable in 
size, are separated by interepaces about equal in length to the 


fore and aft diameter of the. teeth themselves. 'The tooth 


crowns are somewhat recurved and the principal carinae lie at 
an angle of about 45? with. that of the tooth-row. ‘There: is 

little or no trace.of minor carinae on the surface of the crown. 
The mandible shows no distinctive characters other than the 





Fig. 4. Gavialis lewisi n. sp. Posterior aspect of skull. One-fourth 


L 


number of teeth behind the  aymphgeis, apparently five, and the 


evident presence of interdental pits in the extréme rear. The 
mandibular teeth are strong and are curved inward, otherwise 
they correspond with those m the maxilla.  , 

A second specimen is Cat. No. Y.P.M. VP-8227, a tagnar 
of cranial rostral àlso from the Dhok Pathan, although: found 
some miles away may pertain’ to the same species, for 
while the tooth. crowns are missing, the size of their roote and 
their spacing -approximately agree with the holotype. The 
portion preserved consists of that part of the premaxillae from 
the rear margin of the anterior. nares, flanked by the anterior. 
part of the maxilla on either aide, sufficient to include the alveoli 
of five teeth. The alveoli of three teeth occupy & space about 
equal t to the breadth of the rostrum. A slight upward curvature 
is present and in all probability the muzzle showed the char- 
acteristic. expansion, but this cannot be proved from the speci- 


in men itself. 


é 


Ts extremity. 


4 
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- The — extend heckward on, the -" a's to 2 


3 “the rear of the fourth maxillary teeth—on the dorsal aspect 
m. to the fifth, « as in the existing gavial. 
Lo DISCUSSION: 


Thos far — species and one variety. of — E been. 
described, all from India and the adjacent lands. With the | 


obvious exception of the existing form. G. gangeticus, the type | 


material, is always incomplete, that of G. browns being the best.. 


"preserved on record. Andas usual with material of this sort, 


-'" corresponding" ‘die gnostic portions of the. several types are not 
` always present, which renders a complete picture of each form `‘ 


and a precise comparison of the species impossible. Thus of - 
Gavialis hysudricus there is present;only the hinder part of the: 


‘cranium and the greater part of the rostrum; of Gavialis curvi- . 


-rostris portions of three crania and part of the rostrum; of. 
` Gavialis leptodus, the hinder part of the rostrals with little of 


the cranium ; of Gavialis pachyrhynchus, the forward extremity ^ 


- of the cranial. rostrum only; of Gavialis browns, skull lacking ` 


— the premaxillae and mandib.e; of Gavialis ‘curvirostris var. 


gajensis, cranial rostral from orbits forward and the man- 
‘dibular symphysis; of ‚Gavialis breviceps, a mandibular — 
| physis and cranial rostral of another individual...” 

' On these ` as a basis the —— brief diagnoses may be 
given; l | 5 


Gavialis gangeticus. (Gmelin) Récent to Simat? E | 


- "No interdental pits 1 in maxillae. F 
Teeth EA | Profile abruptly — in front of orbits,” : 


| E anterior orbital border promirent, orbits about equal the supra- 


B temporal fenestrae, widely. separated, frontal bar deeply con- 
cave. Supratemporal fenestrae relatively large, broader than: . 


— long, and separated by & narrow parietal bar &veraging &bout 


oné-fifth the interorbital widzh. Length of palatal vacuities 
about ` twice their breadth, inner margins nearly parallel. 


an A "These proportions vary somewhat. with age." Internal nares of . 


, average width, without anterior parapet. 


' Tooth diameter equal to »r greater than the. interspace | 


Second premaxillary ` teeth relatively small. EM 
> Rostral with slight — curvature, .and. expanded: 


1 : Ss T 


i 
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Geological Distribution. | Geographical 
" Gavialis gangeticus India 
(Existing species) Burma 





“Troe Siwalik Hills,” 
Eastern Punjab 


Fossil species 
Gavialis leptodus 

















v. of Salt Range 

W. of Tatrot 

miles N. of E. of Padhri, 
, Punjab 


Gaviolis sp. indet. 


PLEISTOCENE ` 





Possibly Perim Island. 
Near Dhok Pathan 
N. of Salt Range, Punjab 


1 mile S,:of Nathot 
N. of Salt Range, Punjab 


Gavialis hysudricus 


Gavlalis lewisi n. sp. 


PLIOCENE 


Gavialis browni 


| 


Gavialis curvirostris Laki Hills, Sind 
Gavialis paehyrhynchus |Laki Hills, Sind 





MIOCENE 


Lower 


Gavialis curvirostris 
var gajensis 
Gavialis breviceps 






Bugti Hills, ` 
Baluchistan 





Gavialis leptodus Falconer and Cautley. 
Level: Upper Siwalik ?—Pleistocene. 
Known from hinder part of rostral only. © 

With interdental pits in maxillae to receive apices of lower 
teeth, in line with tooth row. Teeth proportionately smaller 
than usual; three alveoli equaling from one-third to one-half 
the rostral diameter, cranial rostrum of greater width and 
flatness, especially at mid-length; alveolar border slightly 
beveled. 


Gavialis hysudricus Lydekker. 

Level: Upper Siwalik (Dhok Pathan), Pliocene. 

Known from part of cranium and the greater part of cranial 
Se 
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No deal pits. S 


= 
‘Teeth 


Profile — greater and much more sudden than in 
gangeticus. Anterior orbital border prominent, thickened. 
Frontal bar deeply concave, supratemporal fenestrae relatively - 
small; broader than long, separating parietal bar more than 
half the width of the frontal bar between the orbits; about 





agree in size with those of gangeticus. 


one-fifth in gangeticus. Palatal vacuity unrecorded. Greater 
expansion of the jugal-quadratojugal region than in gangeti- 


cus. Relative size and: spacing of teeth about equal to those 


- of gangeticus. Space of three alveoli equals about: mus" 


fourths the rostral width. 


. Gavialts browns Mook: 


4 


Level: Lower Middle Siwalik (? Nagri), Lower Pliocene. 


, Known from skull and cranial rostral—premaxillae. and mandi- 


ble missing. Skull massive. 
No interdental pits.’ . ! 


Teeth, 





a - | 
i , relatively strong and far apart. "Three alveoh 


equal about three-fourths the width of rostral. ' 


Profile not abruptly:depressed. This may be more spparent 
than real, due to post-mortem crushing. Anterior border of 
orbit not strongly everted. Orbits about equal in size to that 
of the supratemporal fenestrae. Orbits relatively close 


together, frontal bar almost twice the width of the parietal. 


Supratemporal fenestrae large, wider than, long. Palatal 


‘vacuities long, narrow, inner margins parallel. 


Gavialis curvirostris Lydekker. 


Level: Lower Siwalik (? Chinji), Upper Miocene. 
Known from three imperfect crania and parts of the rostrum. 


Size and spacing of teeth about as in gangeticus. Space of : 


three alveoli equals more than half rostral width. 
With interdental pits, mesad of tooth row. : 
Profile not depressed in front of orbit, anterior border of * 


orbit not everted. Width of interorbital (frontal) bar about ` 


as in gangeticus—also true of the supratemporal fenestrae ana 
parietal bar. Palatal vacuities unrecorded. 

Rostrum considerably shorter than in gangeticus, with indi- . 
cations of marked upward curvature. Premaxilla expansion 
very slight mu interdental pits, mesad of tooth row. 
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Gavialis pachyrhynchus Lydekker. 

Level: Lower Siwalik (? Chinji), Upper Miocene. 

Known from extremity of crenial rostral back to fourth maxil- 
lary tooth, also mddle portion. With interdental pits in line 
with tooth row. 

Premaxilary teeth 3-3 much larger than maxillary, latter 
also large and closely spaced, space about half the diameter 
of tooth. Space of three teeth a little more than half the 
width of the rostral. 

Cranial characters unknown. 

Premaxillary expansion very marked with the notch for first 
mandibular tooth roofed over by bone. 

Size huge—Three times that of a 20 foot gangeticus. 


Gavialis curvirostris var. gaiensis Pilgrim. 

Level: Gaj horizon of Bugti Hills, Lower Miocene. 

Known from cranial rostrum from orbits forward. Mandibular 
symphysis, part of cranium. 

Teeth 22 above; 15 included in the symphysis of mandible, 
rather widely spaced, three alveoli about three-fourths the 
width of the rostrum. 

With interdental pits, mesad of tooth row. 

Profile not abruptly depressed in front of orbit. Orbital 
rim not prominent. Orbits wider transversely than in gan- 
- geticus, interorbital bar narrower than in curuirostris. 

Rostrum short, but excessively curved upwards; with term- 
inal expansion. 

Parietal bar about one-and-one-half times the width of the 
interorbital. (Judging from the Dolo which is obscure in 
region of S.T.F.) 


Gamalis breviceps Pilgrim. 
Level: Gaj horizon of Bugti Hills, Lower Miocene. 
Known from cranial rostrum and mandibular symphysis. 
With interdental pits, mesad of tooth row. 
. Teeth large but very near together, three alveoli equal half 
the width of rostrum.  Alveoli almost in contact with one 
another. 
Profile not abruptly depressed in front of the orbit. Ante- 
rior border of orbit not prominent. 
Rostrum short compared with the width and very massive. 
Premaxillae somewhat expanded. 
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. Comparison of Gcoialis lewisi, ep. "noy. 
| S000, With Other is ME M 
> Gavialis Tevisi. 


. Differs. from breviceps Pilgrir—in ue NM 7 


In the, absence of interdental pits.- 
. Teeth smaller and not so closely spaced. 
| More abrupt depressior in front of orbit: apparently 


longer and more slender rostrum. ‚Only the rear-of the | 


rostrum, however, can be compared. 


"Differs from curvirostris. Var. gajensis Pilgrim, alii in time. 


In the absence of interdental pits. ` 
. More abrupt depression in front of orbit. 


- 


More prominent orbital margin.’ MM ae 


. Orbits much more widely spaced. ' 
(Query: Has Pilgrim reversed the ends of the c cranium 80 
‘that he is speaking of the S.T.F., rather than the . 


orbits?) TE so the svacing more — corresponds, : 
but the S.T. F. ‘of lewisi are not elongated transversely, 
as in curvirostris. var. gajensis. | 

No indication of excessive :curvature of rostrum, though 


not much of it can be compared. | oe a EN 


Differs from curcirostris Lycekker in time. 


"Comparison. with pachyrhynchús Lydekker. 


Also in the absence of interdental pits. , ` E | 
"Much. more abrupt depression of profile. . e 
, Anterior margin of orbit much more prominent. Orbits : 


‘farther apart, hence interorbital bar much wider. Pos- ' 


terior portion os, rostrum deeper in proportion to, 
- breádth. ^ ' : ! 
Remainder cannot be — PES 


No direct comparison possible. 


Bat pachyrhynchus is huge, ponderous, and. has oe 


. interdental. pits, which are absent in Gavtalis lewisi. 


The teeth of the latter are more slender and — pec Sl : 


than in pachyrhynches. 


s „Comparison with hysudricus Lydekker. 


_ Agree in absence of interdental pits. E 
, Agree in profile and preminence of — rim and width, 


of juga! : and quadratejugal. ' 
Differ in relative width of interorbital and. parietal bars. 


. 832 to I. 


e. * ^ 
"4 < ro. 


1 
` 


t 


J 


^. In lewisi, the pue the ratio is as 4 to 1, in "URDU p 


y 
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Supratemporal fenestrae relatively larger in lewisi, with 
the greater diameter fore and aft instead of transversely. 

Other details not comparable. _ 

Comparison with leptodus Falconer and Cautley. 

Differ in absence of interdental pits in the new species 
which has proportionately larger teeth. 

In leptodus the rostrum is relatively wide and flat, which 
may not be true of iewisi, but the exactly equivalent 
parts are not preserved ; hence, cranium cannot be com- 
pared. 

Comparison with Gavialis browns Mook. 

Differs in the abruptly depressed profile 1 in front of the 
orbits and the everted orbital rim in lewist. 

The teeth seem to agree in their relative size and spacing. 

In browns, three alveoli equal about three-quarters the 
rostral width, in lewisi, less than half. 

. They differ in form of supratemporal fenestrae in that the 
antero-posterior diameter 18 the greater in lewist, in 
browns the transverse. Interorbital bar of lewisi pro- 
portionately wider as compared with the parietal as 
4 to 8. a 

Palatal vacuities in lewisi shorter, with inner margins 
divergent anteriorly, in browni they are long and the 
inner margins are parallel. 

Posterior nares not preserved in browns. 


The presence or absence of interdental pits in the maxillae 
for the reception of the mandibular teeth, has been considered 
by Lydekker of such prime importance that he divides the 
gavials into two groups on that character alone. Group Á, 
those in which the pits are lacking, which would include 
Gavialis gangeticus, hysudricus, browns, and lewisi. Group B, 
on the other hand includes Gavialis leptodus, curvirostris, and 
the variety gajensis, packyrhynchus, breviceps. On the 
strength of this character alone the affinities of our species 
lie with gangeticus and hysudricus, especially with the latter. 
The dorsal aspect. of the cranium shows the principal points 
of the contrast, however, in the relative spacing of orbits and 
supratemporal fenestrae and in the form of the latter. The 
palatal aspects cannot be compared owing to the absence of 
either figures or description, other than the statement that 
hysudricus “apparently agrees very Hone with Gavtalis 
gougenons (Lyd. 1886, p. 15). 
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Gavialis. hysudricus agrees with our species in being of 
" Middle Siwalik age although whether of the same level is not `. 
recorded. Geographically the type specimen of hysudricus 
came from the neighborhood of the Satlej Valley. 


EVOLUTIONARY TRENDS. 


Crocodiles of the genus Gavialis have a long geological his- 
tory, from the Lower Miocene, Gaj horizon, to the Recent, a 
duration of many millions of years. . Certain evolutionary 
trends are of course apparent in so long lived a group, 
` although the distinctive gavial features are present in the most 
remote forms thus far known, derived from some unrecorded 
ancestry. As is often the case the recorded changes deal 
largely with the skull and more particularly with the food- 
getting mechanism. What skeletal changes occurred are not 
recorded, for rarely if ever has associated material been found 
with the specimens which constitute the various types. 

The principal items of change of which there is documentary 
evidence, lie in the gradual elongation of the rostrum, from 
the short muzzle found in breviceps.to the long, narrow beak 
of the modern gavial. The terminal swelling of the rostrum, 
on the other hand, is a very ancient character, although not 
all of the species in which this portion of the rostrum is pre- 
served, show it, nctably Gavialis curvirostris in which the termi- 
nal expansion is very slight. The profile of the skull also 
varies tending toward a greater depression in advance of the 
orbits and a correlated abruptness of the anterior border of 
the orbit itself. The degree of curvature of the rostrum as 
a whole seems, however, to diminish somewhat with time for it 
is very marked in Gavialis curvirostris, especially the variety 
gajensis which is one of the two earliest known gavials. The 
dentition varies in the size and spacing of the teeth, but does 
not seem to be progressive, on the other hand the presence of 
interdental pits in the maxilla for the reception of the apices 
of the mandibular teeth is an ancient feature and tends to 
disappear with time, apparently bearing some relationship to 
the length of the mandibular teeth themselves. These pits 
while alternating with the maxillary teeth, hie within or mesad 
to, the line of the tocth alveoli in the earlier forms; are in line 
with and between the alveoli in those of intermediate age and are 
entirely lacking in the later species including the existing gavial. 
Their presence, however, in Gavialis leptodus is an apparent 
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exception, unless the assignment of that species to the Upper 
Siwalik is an error for the only other species showing a com- 
parable condition is the Lower Siwalik Gavialis pachyrhynchus. 
If leptodus 1 18 actually Upper Siwalik it is persistently primi- 
tive in this detail. 


CONCLUSION. 


The Yale specimen seems to represent a new species of 
Gavials nearest Gavialis hysudricus which is an approximate 
contemporary of Dhok Pathan—Upper Middle Siwalik age. 
It represents a form which, except for its robustness, embodies 
^ the essentially modern characters of gavialoid evolution except 
that the relative length to breadth of rostrum and the dilata- 
tion of the snout, if any, are unrecorded in the type. In the 
abruptness of profile curve, the form of orbits, and absence of 
interdental pits in the maxilla it has reached the culmination 
of evolutionary trend. The peculiar character of the choanae 
with the pronounced anterior parapet is seemingly unique, for 
in Mook’s description of Gavialis gangeticus, he says the inter- 
nal narial aperture “is not protected from any direction, at the 
surface of the palate by an elevated plate of bone.” (Mook, 
C. C., 1921, p. 182.) 
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growth characters and not of specific value. As sufficient 
recent materialis not now available for study, this criticism will 
have to stand as unproven for the present and the points of 
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It is quite evident that too many species of gavials have 
been erected on very inadequate material; but their history, 
though meagerly recorded, is & long one and specific differ- 
entiation seems to be within the possibilities of time and 
circumstance. ! 
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“PAVEMENT-BOULDERS” AS 
INTERGLACIAL EVIDENCE. 


CHAUNCEY D. HOLMES 


ABSTRACT. “Pavement-boulders,” either singly or in groups, may indi- 
cate major or minor erosional interludes interrupting the progressive 
‘accumulation of subglacial till. The interpretation of faceted stones in 
general is involved and deserves careful consideration. Especially, striae 
. of the pavement-boulder type should be distinguished from striae engraved 
on a stone during transportation. The common interpretation of true 
facets as originating largely during transportation 1s believed to be errone- 
ous. Rarely, a& single faceted boulder may afford basis for broad interpre- 
tation. 


INTEODUCTION. 


CCORDING to the younger Hugh Miller (1884), Hugh 
Miller, Sr., widely known for his book “The Old Red Sand- 
stone," originated the term boulder-pavement in 1852 to denote 
a group of boulders imbedded in till and having glacially faceted 
and striated upper surfaces lying approximately in a common 
plane, the striae on the several surfaces being oriented in essen- 
tially the same direction. Each stone was called a pavement- 
boulder. The term boulder at that time apparently denoted a 
stone of any size, though a boulder-pavement evidently consisted 
chiefly of cobbles and boulders as now understood. The phe- 
nomenon had been known, however, since 1828 when Charles 
Maclaren ascribed the striae to the action of currents of water. 
The earliest description of an American locality, near Oxford, 
Ohio, (Stoddard, 1859) shows that such striae may indicate 
the direction of glacier movement as accurately as striae on 
bedrock. Of course the earlier observers had reached the same 
conclusion, though Stoddard’s interpretation seems to have been 
made independently. In 1898 Gilbert described a well developed 
boulder-pavement separating tills of slightly different colors in 
western New York. He concluded that the section recorded a 
glacial readvance involving some erosion of the earlier till, but 
he states that the exposed zone of contact contained no evidence 
regarding the possible duration of the intervening time of 
rCCe8810n. | 
Both Miller and Gilbert believed that boulder-pavements 
originated by selective erosion of previously deposited till, the 
finer fragments being removed while the coarser were pressed - 
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— -caused the ice to attack its own “deposits.” 2  (Miller,. 1884, 
ae 178), Or, as Gilbert. suggests; the .erosion may possibly haye 


"occurred after: "the lapse of ax interglacial interval. Compari- . 


“son of the relative conceritration of boulders in the pavement 
and i in the subjacent till may afford a general index as to. the 
minimum thickness of till rercoved, which may excéed the aver- 


age depth of significant weathering -of the supposed earlier till | 
sheet. . In that event, however, at least part of the boulders . 


may bear evidence of having beer in the weathered zone and- 
may constitute valid. evidence of interglacial time ' 


RECOGNITION OF PAZEMENT- BOULDER STRIAE. E 


° Boulder-pavement phenonena may be: relatively. obvious’ 

"where the composing boulders are númerous even though the 
. icé may have turned or rotated some of them during the striat- 
ing process.. With fewer bculders interpretation becomes less 


certain. Many tills contain so few stones’of suitable size that ` 


true pavements.are not likely to occur, although such stones 


. do. occur singly and may serve as à guide to further and more ' 


positive evidence concernihg the conditions of deposition. | 

Glacially produced facets on stones should be carefully dis- 
" tinguished from flat surfaces originating in other ways and 
| bearing.striae in all. respects comparable to those on adj&cent 


'w rounded surfaces. .Such striae, originating i in transit, are pro- 
y  portionáte to the size of the stone and record its frequent and 


relatively free turning in the ice-and-drift matrix. Plate 1. 
Fig. 1 illustrates the conirast beween transportational and 
. pavement-boulder: striae. The dark limestone cobble, about 
seven inches in maximum diameter, was collected at Chittenango 
Falls in Central New York. It was probably rounded by stream’ 


wear before it was acquired by the glacier. Fine striae in A 


“down into the till matrix." The- erosion may — ‘been essen- 
—* tially contemporaneous, as when .témporary renewed impetus 


apparently random orienta-ion were engraved over its surface, ` 


the lines conforming easily to the surface irregularities. By ' 


. contrast, the pavement-bouider striae are.coarse and definitely 
tangential to the rounded surface and are postdepositional. 


` The stone, then firmly imbedded in compact till, formed a part . : 
e ‘of. the floor over which the glacial load moved producing the :- 
m aset. of striae-shown from upper right to lower left in the photo- `. 
‘graph, Taga a stone'in transit mp upon the cobble in 
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such a way as to cause slight rotation counterclockwise, and a : 
second set of coarse, tangential striae followed. With further 
uncovering, the ice tended to divide and to flow around the stoss 
side, and the large scars from impinging stones testify to the 
firm grip of the inclosing till although ultimate dislodgement 
may have occurred.. Had the glacial load which moved across 
the cobble contained only smaller stones and abundant sand, 
faceting probably would have developed rapidly. | 

At least one drift-filled interglacial gorge occurs at Chitten- 
engo Falls (Holmes, 1985), but the stone shown in Plate 1, 
Fig. 1 is believed to represent only Wisconsin glaciation. 


PAVEMENT-BOULDER AS INTERGLACIAL-HORIZON MARKER. 


Plate 1, Fig. 2 shows & fragment (maximum dimension five 
inches) from a diorite boulder about two feet in diameter. ‘The 
specimen was collected at Gillaspie School, four miles northeast 
of Columbia, Boone County, Missouri, and came into the writer's 
possession through the courtesy of Prof. Donald L. Blackstone, 
Jr. The exposure where the boulder was found is slumped, and 
although it was suspected to include the contact between the 
Nebraskan and Kansan drifts, the boulder fragment is the only 
ascertained evidence that both drifts are actually represented 
there. Nebraskan gumbotil was known a few miles to the north- 
west and was identified later at a nearby locality at approxi- 
mately the same elevation. Thus the testimony of the fragment 
was substantiated, but the fragment itself merits consideration 
for the completeness of its testimony. — . 

The striated surface shown by the photograph, Plate 1, 
Fig. 2, is a portion of a glacially cut facet that formed the 
top of the boulder, the ice having moved from left to right. 
Relatively unaltered rock comprises the center of the facet as 
shown, and is bordered on the left and on the near end by a 
kaolinized zone nearly an inch wide that marks the outer part 
-of the boulder. The upper and lower margins represent 
two of the many intersecting fractures that divided the boulder 
into irregular pieces, though along most of the fractures com- 
plete separation had not occurred naturally at the time of 
collection. Oxidation of iron in the mafic minerals had 
extended through a quarter-inch zone on either side of the 
joints and is well developed on the fragment. 
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——— of the beveled stone may be stated-as follows: 
The nearest possible source of the diorite erratic is a few hun- 
dred miles to the north. Chemical alteration since the facet 
was cut has been practically nil, the surface of the unaltered 
part still retaining the high polish imparted to it by the Kan- 
san glacier. The weathered, fragile condition of the: boulder 
with its inch-thick kaolinized zone intact except at the facet 
definitely indicates that the weathering took place at the local- 
ity where it was discovered, and not at its place of origin. 
Therefore Nebraskan ice brought the boulder to the locality, 
where it became much weathered during Aftonian time. The 
degree of alteration corresponds to that observed on other 
similar stones slightly’ below- the base of the gumbotil. The 
Kansan glacier evidently eroded the overlying drift and bev- 


eled the top of the weathered boulder. The upper left corner .. 


of the fragment as illustrated ‘shows a second set of striae indi- 
cating some disturbance of the boulder, though actual removal 
of the boulder from its place in.the Nebraskan till 1s unhkely. 
Kansan drift then shielded the stone from further alteration 
until the present. 


E `~ 
GENERAL INTERPRETATION OF FACETS. 


The expression “faceted and striated” has been used some- 
what loosely in the literature describing glacial deposits. 
Original flat surfaces on stones from jointing, stratification, 
or fracture may persist even after considerable glacial wear and 
are not properly called facets, as the word facet in this connec- 
tion implies shaping or'cutting. However, glacially faceted 
stones are reasonably common. They are popularly supposed 
to have been frozen fast in the bottom of the glacier while the 
latter moved over a rock floor whose hardness was equal to “(or 
greater than) that of the stone being faceted. This may be 
true of the relatively rigid carapace of a valley glacier, but at 
least two objections are offered to the general interpretation. 
First, recent studies (Demorest, 1988, 1942) indicate that the 
basal ice in glaciers is too plastic to hold a stone thus in a con- 
stant position through the necessary distance. Secondly, as in 
northern Missouri, the drift contains many sharply faceted 
granites and quartzites in areas where the bedrock is predomi- 
nantly shale and weak sandstone which would not have pro- 


duced the facets. Moreover, much of the floor must have con- ts 


sisted largely of till subglacially deposited. 
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The pavement-boulder concept seems to meet all the require- . 
ments of glacial faceting. Unfrozen, clayey til compacted 
beneath a glacier is bélieved adequate to hold a stone with 
sufficient firmness while the passing ice, laden with sandy drift 
and stones of moderate size, constitutes an ideal abrasive mecha- 
nism. The faceted stone may or may not remain permanently 
imbedded at-that place. Hugh Miller (1884, p. 182) evidently 
had this process in mind when he wrote: “I have frequently seen 
little bits of shale, not more than 1/10th of an inch deep, of 

which the upper surface was well rubbed, while the lower sur- 
face was almost untouched. The sole of the boulder, as Robert 
Chambers used to term their flatter side, seems generally, in 
fact, to have travelled uppermost.” 


CONCLUSION. 


Stones having a true facet of appreciable dimensions record 
a time of glacial erosion which may be equivalent to a major 
unconformity or to an insignificant hiatus. Rarely a single 
faceted stone may indicate the former, while a well developed 
boulder-pavement may afford evidence only of the latter. 
Numbers are not necessarily significant. A shift in glacier 
activity from deposition to erosion may well indicate renewed 
movement following temporary stagnation and may thus relate 
to minor substages of glaciation. Though the time value of the 
erosion surface as seen in’ section may not be readily apparent, 
the occurrence may be suggestive of further evidence to be 
opus 
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FROM THE MAQUOKETA SHALE ' 
‘(ORDOVICIAN OF TE LINOIS); 


AE JOHN W. WELLS. m z 


ABSTRACT. Descriptions of two new genera and — ‘of peculiar 
crustaceans from the Maquoketa shale ‘(Upper Ordovician) of "Hilinois:' : 


Paramarria, galenensis, allied to the. Middle Cambrian Marrie -walcotti 


' Ruedemann; end Galenocaris — a — pbyllocarid. 


INTRODUCTION. 


, 
t 
a ^ 


HE greatest: number of fóssils of marine: organisms are 


TWO NEW PLANKTONIC CRUSTACEANS -` 


` 
ia 


those of benthonic forms possessed of more or less rugged | 


NN or exoskeletons. Next in abundance are the remains of 


. nektonic animals. Planktonic-. species, excessively abundant . 
,, today and unquestionably equally so in the past,-are by com- 


; parison very scarce as fossils, seemingly because of their tinsuit- 


‘ability for preservation. Hence our outlook on: ‘ancient life 


or ancient life communities, in one plane strongly skeletomor- 


This astigmatic condition is generally recognized by padeontol- 
ogists, and any chance recovery of material which helps. ever 80 
‘little to corréct it in either plane is of interest. 


The two new crustaceans described below are ‘believed to have 


. been holoplanktonic, one of, them, a marriocarid, seemingly 


| passive (kremastoplanktonic), the other, a phyllocarid, a weak. 


— 


swimmer (neidioplanktonic). Both were found in a small col- | 


lection from the graptolite zone (Trowbridge and Shaw, 1916, 
p: 70; Ladd, 1929, p. 886) in the lower part of the Maquoketa 


. shale in the vicinity of Galena, Illinois, made by M. R. Camp- 
+ bell in 1888; which has reposed since then practically untouched 


in the collections of the Ohio State University Geological 


. Museum. This phase of the Maquoketa contains a mixed grap- - 


tolite assemblage of.a few benthonic and some planktonic forms; 


. Climacograptus tgpicalis, Diplograptus foliaceus, Cleidophorus | 
| neglectus, Isotelus maximus, a small gastropod, several large | 
, and:small orthoceracopic cephalopods, and ‘the two new crus- - 


. taceans. 


` The preservation of all the fossils except the graptolites T B 


_ Poor, and the crustaceans appear as rune in the gray- 
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green, clayey shale. The impressions are lined with a finely 
granular or powdery black film of pyrite and. carbonaceous 
material. The edges of the appendages and body of the marrio- 
carid, as seen under the microscope, are not sharp; the carapace 
margins of the phyllocarid, however, are sharply defined. The 
chitin of the graptolites occurring in the same matrix is well- 
preserved and shiny, with sharply defined edges. ‘This contrast 
between the poorly preserved lustreless tests of the crustaceans 
and the well preserved glistening stipes of the graptolites has 
been pointed out in the case of similar associations by Stgrmer 
(1937, p. 270) from the Ordovician of Norway, and by Ruede- 
mann (1934, P: 94) from the same system in New York. 


The writer is grateful to Dr. Rudolf Ruedemann for exam- 
ining photographs of the specimens and who agrees with 
the conclusions expressed below concerning their systematic 
position. 

DESCRIPTIONS. 


Order ENTOMOSTRACA. 
Suborder MARRIOCARIDA Ruedemann. 
Family MARRIOCARIDAE Ruedemann. 


Paramarria galenensis, n. gen., n. sp. 
Plate 1, figs. 1, 2. 


Description.—Body small, measuring in compressed condi- 
tion, 1.8 mm. in length, 0.7 1n width, seemingly elliptical in out- 
line with truncated anterior end. Subdivisions of body or seg- 
ments indiscernible. Between the forward projecting bases of 
the first pair of antennae is a faint, confused mass possibly 
representing remnants of the body, which may have pm con- 
siderably longer. 

Appendages consisting of three pairs of grotesquely de- 
veloped swimming organs fixed to the anterior corners of the 
body. The first, anteriorly directed pair is represented only 
by protopoditic stumps, and is, compared with the others, 
apparently uniramous. The second pair is biramous, with stout 
protopodites directed anteriorly and from which the exopodites 
extend slightly forwards, the endopodites laterally. The third 
is like the second but the exopodites are directed slightly back- 
wards and the endopodites nearly backwards. Each of the exo- 
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ahd endopodites in turn bears 7 or 8 (possibly more) pairs of 
long exites and endites, about 1' mm. in length and spaced 
about 0.25 mm. apart, forming two rows extending laterally. 
from the limbs in the body plane. None of these appendages 
is preserved in its entirety and it.is likely that a quarter or a © 
third of their distal ends is lacking. The jointing of the 
appendages is scarcely discernible but at each joint there seems 
to have been attached an exite and endite pair. There are 
obscure traces of setae on the posterior edges of the secondary 
branches. Extreme width of the specimen, 10 mm. 

Occurrence.—Lower Maquoketa shale, Upper Ordovician, in ` 
the vicinity of Galena, Illinois. 

Holotgpe.—No. 7456, Ohio State University Museum. 

, Remarks —The three pairs of appendages are strikingly 
like those of crustacean larval forms such as nauplius, and if 
homologous, they represent the first (uniramous) and second 
(biramous) antennae and mandibular (biramous) pairs of that 
type. Compared to those of nauplii, they are even more 
extended and suggest an almost wholly passive, pelagic, habit. 
The test must have been exceedingly thin and transparent, 
scarcely. fit for foásilization. W 

The resemblance of this curious form to Marria walcotts 
Ruedemann (1931, p. 4, pl. 4, figs. 2, 8; pl. 5) fromthe Middle 
. Cambrian Burgess shale, is unmistakable and there can be little ` 
doubt that the two pertain to the same crustacean group. Rue- 
'demann concluded that Marria represented a new entomostra- 
can suborder, the Marriocarida, linked only to other crusta- 
- ceans by its resemblance to the nauplius and protozooea of the 
less primitive suborders,—a similarity perhaps significant 
phylogenetically. Paramarria, from its resemblance to Marria, 
is accordingly placed in the Marriocaridae, and on the basis 
of our present faulty knowledge of both forms, differs from the 
family type in its appendages. In Marria there are only two 
pairs of biramous swimming o-gans—the second antennae and 
mandibulae—on which secondary branches are largely developed ' 
from only one side except proximally where both endites and 
exites appear; in Paramarria there are three pairs of such 
organs, the first, con] ecturally üniramous, being the first anten- 
nae, the other two, biramous, the second antennae and mandi- 
bles, all with complete rows of exites and endites on. each 
member. No appendáges can be made out on the posterior part 
of the body of Paramarria; the presence of several pairs of 
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exopodites in this region of Marria is indicated by Ruedemann. . 
The exites and endites of Paramarria seem to have been less 
tenuous and stiffer than in Marria, hence their more formal : 
aspect in the conjectural partial restoration (Pl. 1, fig. 2). 


Order PHYLLOCARIDA. 
Suborder CERATIOCARINA Clarke. 
Family CERATIOCARIDAE Salter. 


' Galenocaris campbelli n. gen., n. sp. 
Piste 1, figs. 8, 4. 


Description.—Based upon the two connected valves of a 
single carapace, preserved as an impression of the external 
surface. Valves in contact along the dorsal line at a very 
obtuse angle. Hinge line seemingly a simple symphysis shorter 
than the rest of the valves, marked by what may be either a 
dorsal ridge pertaining to both valves or a dorsal median lance 
plate overlapping or lying between both valves. No lateral 
ridges or carinae, the exterior of valves being ornamented only 
with faint wrinkles concentric with the margins except along 
the narrow borders, which are smooth. No trace of ‘cephalic 
. nodes or “eye spots." Valves straight above, elliptical below, 
curving up less quickly before than behind, where there is a , 
fuller curve meeting the truncate posterior edge, which slopes 
downward at about 65° at the mid line of the valve. Juncture 
of posterior and ventral edges produced backwards as & blunt 
subspiniform process. Anterior edge sloping a little less 
steeply than the posterior, meeting the abruptly upturned ven- 
tral margin to(form an obtuse anterior point dorsad of the 
mid line of the valve. Dorsal ridge prolonged forward beyond 
the anterior margin ‘but not as far as the most anterior part 
of the valve. This median projecting process might be’ inter- 
preted as the rostrum, not commonly found in place, or simply 
as the prolongation of the anterior dorsal angles of the valves, 
as in Silesicaris nasuta (Gürich, 1929, p. 27, figs. 2, b, 6), but 
much less developed than in that species. 

Dimensions.—Greatest length of valves, 21.5 mm. ; length of 
dorsal hinge, including “rostrum,” 18 mm.; greatest- width 
across both valves, 17.5 mm. l | 

Occurrence.—Lower Maquoketa shale, Upper Ordovician, in 
the vicinity of Galena, Illinois. 
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Holotype. —No. 7458, Oh:o State: Uniyersity. Geological > 


Museum. 

Remarks.—The —— òf the dudit specimen of Galeno- . 
- caris makes it difficult to decide the nature of the union between 
the valves, a significant featur2 of subordinal valúe, The prin- ` 
cipal distinction between the two suborders, Ceratiocarina and 
. Rhinocarina, in one of which the new form obviously . belongs, ` 


- lies here. - In the moré primit-ve group, the ceratiocarians, the 


Valves seem to have been united by a thin membranous sym- 
: physis; easily ruptured with resulting separation of the valves; 
in the rhinocáriàns, first appearing in-the Devonian, the valves 
were in ‘contact only ata single point near the anterior.end ` 
where they actually overlapped—behind this they were separated 
by an elongate lanceolate median plate which either overlapped | 


the valves or fitted between them, and in front of this juncture . ` 


the rostral plate lay between the valves and projected beyond | 


'' the hinge axis: , The hinge in Galenocaris is marked by a fairly ^. 


high, well-defined ridge between the valves that is.strongly sug- “ 
gestive. of the rhinocarian median plate. In practically all 
rhinocarians there is a spinelixe projection from the posterior‘. 
border of each valve; in ceratincarians such a projection i is not : 
developed: and the posterior margin is either. rounded: or sub- 


~. . acute, although in some forms such as Eleutherocaris whetfleldt 


" (Hall and Clarke, 1888, pl. 22, figs. 20, 21) of the New York 
"Upper. Devonian, there is'a weak posterior projection. In . 
Galenocaris the blunt posterior spine is conspicuous. . Cephalic 
nodes and lateral carinae.are present in 'all rhinocarians; they 
may or may.not be present in ceratiocarians; neither is found: 
'im Galenocaris. Thus, Galenocaris,. on the basis. of its hinge - 
| ine, may prove to be either a rhinocarian or. ceratiocarian; on > 
the basis of the posterior spine, a rhinocarian; and on the basis -. 
of the abserice of cephalic nod»s and lateral carinae, a eius" 
-cárian of the family Ceratiocaridae. Pending better data on the 
nature of the hinge line, 1t one seem that. of the other two ` 





| EXPLANATION OF PLATE de we 2 

Pigs. 1, à Paramarria galenensis, v. gen, n. sp. — l 
. Maquoketa shale, U.’ Ordovicien, near Galena; TL: 1, ae x9. 

`, (OSU 1456) ; 2, partial reconstroztion, X9. 

Figs. 8; 4° Galenocaris campbelli, n. gen, n. sp. ` m o 
Maquoketa shale, U. Ordovician, near Galena, T.: 8, patie carapace, * 
as 6 —— 7458); 4, diagrammat.c sketch of carapace, X18. : 

(Photographs unretouched. j j 
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—— elements; ‘the development of thé. posterior s spine is 
. less significant, and Galenocaris i 18 provisionally assigned to the 


' Ceratiocaridae. . From the, other ' genera. .of this „family. it ud | 
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On the Flow óf Liquido Tigh: Thin Cracks. 4079 


and rates of flow, iie ‘relatiogelitp: became y= KHA, when N 
"becomes less than 1; givihg: thé; ‘exponent of H values that 
‘are progressively more thàn.l. Thus the rates of flow with 
declining heads were reduced more rapidly thah the first power 
of the head, an apparent deviation from laminar flow exactly 
opposite in character from turbulent flow, where in the custo- 
mary notation, N is greater than 1. l 


The same deviation from expected rates at small velocities . 


"in thin cracks is shown by reference to the thickness of the 
crack, following an analogue to the Hagen-Poiseuille law. This 
Jaw states-that under constant head the flow of a liquid through 
a capillary tube is proportional in velocity and in volume to 
the fourth power of the radius of the tube. The law is deduced 


from the elementary assumptions of pure laminar flow by 


equating the force inducing flow to the viscous resistance which 
opposes it, the derivation being given in various textbooks on 
‘fluid mechanics. By an analogous derivation, with appropriate 
differenees in the dimensions, it can.be shown that the rate of 
viscous flow in a crack, at constant head, 1s proportional to 
the third power of the width of the crack. Both these laws 
follow strictly from Darcy's law and are only forms of state- 
ment in relation to size and shape of opening. ; 
In the forms of apparatus which the writer first used, it was 
more: convenient to work from high to low heads, with tests 
often running over a period of several-hours. After a number 
of runs had been made and in connection with a change in 
' apparatus, it was learned that the reduction in rate of flow 
with lowered heads. was also in part a: function of time and 
that the appearance of what had been called. “sub-laminar” 
flow, where N is less than 1, was actually due to some change 


- which took place with passage of time, even at, the same head., 


It, therefore, was incidental to the progress of measurements 
from high heads to low heads. . 

When this state of affairs was probed with suitably arranged 
apparatus, it was found that in thin cracks of less than 0.1 
. mm. the flow of water under a constant head in course of 10 
: to.100 hours becomes systematically reduced to values as low 


as 1/100 or 1/1000 of the initial rate. - Determination of this . 


fact, including experiments with liquids other than water, and 
an attempt at explanation of this —— is the occasion for 
this paper. 

1 Dodge, Russell A. and Thompson, Milton J.: 1987, Fluid Mechanics, 
, Pp. 171-174, McGraw-Hill, New York. - 2 
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ORIGIN OF LOESS—A CRITICISM. 
|. CHAUNCEY D. HOLMES. > , 
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y INTEODUCTION. 


i A RECENT paper by Russell! has brought the loess question " 


again into serious consideration. . The paper is addressed 


to all who have occasion to deal with the deposits called loess, ' 
-and to the many who, — author fears, have pictured the . 


Mississippi Valley loess as “a gigantic dunelike ridge extending 


from the Ohio River to Louisiana, with a high scarp facing - 


the Mississippi and a gentle eastward slope leading to'a feather 
` 'edge some 10 to 15 miles away.’ "2 Readers of the paper will 
‘profit by the somewhat historical treatment of the subject and 
will find the extensive bibliography useful. 


. According to. the author, the loess question has: been par- i 
ticularly troublesome chiefly for two reasons: ‘application of- 


-the term to too wide a variety of deposits, and insistence on 
. eolian origin. General agreement on the former proposition 
“can be anticipated, but probably not on the latter. The'author 
'. champions a néw process hitherto neglected or unknown, which 
he calls loessification. Given appropriate source material, soil 
` creep and its associated processes, acting through a downslope 


| distance of 0.2 to 0.3-of a mile, is said to effect the high degree. 
of size-sorting characteristic of loess. Loessification is essen- 


tially complete when'subsurface water has introduced sufficient 


calcium carbonate to serve as a weak cement which halts further' — 
creep (or colluviation). Subsequent loss of essential charaó- . E 


` teristics by weathering is called deloessification. The partially 


loessified product and other silts resembling loess are classified - 


as loesslike materials. , 

_ Russell defines loess as. “unstratified, — porous, 
bi -calcareous silt; it is characteristic that it is yellowish-to buff, 
tends to split along vertical’ joints, ‘maintains steep faces, and 


ordinarily contains snail shells. . . At. least 50%; by weight, - 


must fall within the grain size fraction 0.01-0.05 mm., and it 


must effervesce freely with dilute hydrochloric acid. In the 


. Russell, R. J.: 1944, Lower. Mississippi ‘Valley Loess: Seo . Soc. ‘America 
Bull, Vol. 55, pp. 140, | : 
| * Op. cit,p.84 ' MEE age 
, Op. cit., pp. 4-5. È * S 
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_ ‘Definitions. . ` — F 

“In the discussion which follows we are primarily concerned | — 

vith rate of flow-of a liquid. This rate, often referred to.as:  . 
flow, i 18 measured i in most instances as“ a volume rate, in cubic 
centimeters. per second.” In some experiments this has been 
translated into mean velocity in centimeters per, second, but. 


in most it has noi, since we are interested chiefly in changes | — 


4 


in rate with passage of time: Constants of each of the experi- . 7 ` 
ments include thé head, “measured 'in centimeters, thickness of ` 
crack, measúred: normal to the plane of the walls, width of 
crack, measured normal :to the thickness and to the direction of 
. flow, and the length, paralleled to the direction of. flow. Con- 
tained in the k of a full equation is the density-of the liquid. BS ` 
well as its viscosity. Since none of the experiments are Dd 
as absolute measurements under reproducible conditions, most 


E of. the dimensions are omitted from the data presented. The + 


_ precision of measurement.varies according to ‘instruments used. , 
Rates are mostly of a relative accuracy of about 1/50 at higher: 
values and decline to 1/10 at lower values, which are sufficient | 


in view of the large relative chànges, chiefly involved here. 


l EXPERIMENTAL Work. E 

> Forms of “Apparatus. | 

In the early éxperiments a frame was used in which’ the € 2 
‘halves of a split block of rock were mounted so that they could | 
"be séparated to any. désired amount by. a screw adjustment. * 
A: simpler, fixed scheme was the mounting of.the two halves in 
neat cemént inside à: cylindrical can' which was then clamped 
‘with gaskets between piares carrying both flow and head gage 
tubes: 

In some experiients the volüme E were made in a ` 
, graduated receiver. At lower flow rates, measurements were 
made in a small tube, in some instances of capillary size. In 
one'arrangement, volume was determined by measuring rise or 
fall ‘of the liquid surface through use of the fine adjustment . E 
of a microscope as a; cathetometer. Here a contact.point car- . 
'ried at one side of the microscope could be brought. down to a ' 


Ya 


, 


1 


R spotlighted liquid - surface with reproducible precision of less . 


than 0.005. mm. Such measurements became impracticable 
only when the rate of change approached the current rate of 
evaporation from a free surface of about. 0.1 mm. per hour. 


^-^ 53 The unit milliliter, of precise, value to chemists, is of no special sinit. 
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lower Mississippi Valley, this. ‘material i 18 interpreted as having 
been derived by loessification chiefly from the backswamp clays 
of the'higher Pleistocéne terraces where these have been slightly 
dissected. Loess mantles the erosional slopes but “commonly 
fails to reach the summits of the ‘slopes above sthem.* The- 
function and importance. of soil creep. and allied processes in. 
loess formation deserve more careful consideration than they 


o have received in the past. However, the process of.loessifica- 


tion as described will not convince “the critical reader because , 
some of the stated: effects are definitely at variancé with the. 
processes as: generally: understood. More complete deta may 
eliminate some of the objections, thongs others now! appear 
^ more serious. — 


— 


— OF LOESS DERIVATION. 


? 


' Russell describes the parent material, backswamp deposits, 

as typically calcareous clay 50 feet or more in depth. “Silt 
and cóarser sediinents are restricted mainly to natural levees. . 
_ Sedimentary complexity along the meander belts contrasta 
. With simplicity in the backswamps ... . [whose deposits] . 
- are formed from the finest mechanical pu bo "5 He men- 
tions later that “n' typical- backswamp deposits there is less 
l Sorting, and, on the whole, much. finer material)? Russell does 
not report any grade-size analyses of the backswamp deposits, 
and the reader wonders how much silt, of which 50 per cent by 
weight falls within the grade-size fraction 0.01-0.05 mm., can 
be derived from a given quantity of backswamp clay. Appar- 
ently the ratio of parent clay to derived.silt is high. As the 
. clay. must come' from levels -above the erosional slopes which | 
the loess now mantles, from what parts of-the terraces did the , 
clay come? Removal of the requisite amount of clay by soil 
ereep should havé involved considerable topographic alteration, 
though Russell does not mention any, such effects nor comment 
` on their absence. * 


PROBLEMS OF. 'BORTING.. 


“Russell states: ‘that “the loss: of finer Sarti goes on at all 
stages of colluviation-and is intensified by churning movements. 
Surface washing probably contributes to some degree." -Also, - 

* Op. cit., p. 9. | 

“Op. cit, p. 18. ae Ma. 3 
* Op. cit., P. 28. "acq 
"Op. cit, p. 24. l 
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In — idus rates as high: as 5 or 10'cc. per 
minute a constant head device with overflow control was used; 
with many runs at rates. below 1 cc. per minute and with a 
supply jar of over 200 square centimeters in section the head 
was maintained sufficiently closely by specessive additions of ` 


. small amounts.of water. . 


In some rüns the head was held con- 


stant and flow measured at the outflow end; in others the ` 
volumes were read in the head tube itself, with small head ' 
changes during each rate measurement. In general, heads have 
been held within 5 per cent of the stated value, with the mean | 
much closer, standards which seem adequate for the study of 
the large relative changes i in question. ' 
' Few of the many combinations of apparatus used justify 
One device which was -very useful was a 
multiple-tube, rate gage. This was required to allow making 
rate measurements over ranges in excess of 100 to 1 in short, 


detailed description: 


comparable periods without drastic change of. conditions. 


E 


. consists of two or more tubes of large, difference in cross-section | 
with conñection to the supply end of the system. For measure- - 
ments at higher rates. the larger tube is left in series; giving . 
relatively smaller head. changes ; at.lower rates the larger tube 
is cut off by pinchcock to provide relatively larger head 
_changes and avoiding onerously long intervals that might other- `` 


wise be required for measurable changes. 


- This device is also 


.  uséful in maintaining nearly constant head (leaving the large 
tube connected) for a long period, but also at any time permit- 
ting valid measurements of slow volume’ changes (by .cutting 
out the large tube and noting head change in the smaller). 
An ideal Scheme 18 a — of tubes in: ‘the area ratios 


Fig. 1. 





. Conventional diagram of multiple supply and rate-measuring 


tubes. Figures show the relative aréas of free surface in cylindrical tubes. 


By use of pinchcoeks, the larger tubes can be cut off progressively to give _ 


more rapid apparent, rates for measurement and restored to the system 
.to give more stable head maintenance. - 
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e —— —— of smaller zolda is — equiva- ' 
- lent to that taking place i in'the differentiation of. the A-horigon ,. 
| of. & soil. . Surface — of finer material occur for various 
"reasons"? - ` WE 
. Loeseiflcation i 18 — now in | progress in ihe EEN Mississippi. 2 
Valley, but the-author cites no evidence.other than his assertion `- 
that “churning movements”. were ‘exténgive or were effective in- 
` size-sorting. ` The reader may ‘easily visualize „churning as 
- ‘tending to nix: the igeveral: gradé-sizes rather than to segregate 
them. With i increasing pervioüsness as-loessification proceeds, ' 
‘removal of clay by surface washing would: seem ‘to’ entail: at 
— some gullying with-consequent loss of much silt: The 
“various reasons” might include wind action, but: the attempt 3 18. 
oe avoid appeal to eolian processes. > ` 
. Presumably the major part of “vertical Mb ONG of. 
"aller solids” was downward, and they must have- been left - - 
“behind at the. bottom during the sorting process; As men-.... 
` tioned' above; the relative quantity -of these ‘emailer sizes must * 
have been large. Somewhere on the slopes, beneath the par⸗ 
“tially loessifled material, -this vast amount of'clay should be ` 
segregated. The author reports no "attempt to locate. such . 
an accumulation. ` Gravel underlies ‘some of the loess and CH 
. féw stones occur in the basal portion of-the latter. ‘However, 
any churning movements involved in loess: formation apparently. 
. did‘ not. destroy: the wéll-defined basal contact... Downward | 
. migration and loss.of the smaller: sizes ‘should make those sizes 
". progressively. more abundant downward in the: transitional : 
~ phases and even in the completed product, inasmuch. as “resid- 
dal concentration of coarser materials . . . continues until . ..- , 
: ‘mass movement is checked by:cemeritation."? '"The'author does. |. 
| not mS consider ‘this — field sea porin | 
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E cu e e PROBLEMS OF MINERALOGY.. ind 


Deika “of thes minerals involved i in loessification. is somé- 
3i ' what vague. Russell sees the beginning of loessification in . 
| “weathering” and pedogenic processes . . . [which ‘convert the `. 


"upper part of the terrace. material into]. . . brown loam, that 
^... ereeps freely on slopes." But he: offers no explanation 
for the statement that “parent materials, well: advanced in. 
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" e Op. éit p.88. ', 


. " Op. cit, p. 88, 
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1:10: :100, etc. - (Fig. 1) This general principle w WAS- ui in 


several forms. 

Several forms.of smal multiple metal cocks were constructed 
but in most instances it was found that pinchcocks on rubber 
` tube connections were simpler and more positive in action. In 
several arrangements it Was convenient to have interconnected 
by rubber tube into a manifold, containers having lower and 
higher heads than the outlet opening, so that the water column 


20 





Fig. 2. Diagram of apparatus used for many runs at the lower flow 
rates. The supply jar was carried on a vertical slide post, with measuring 
point to refer to a metric head scale. The rate tube and manifold are 
mounted on a small board fixed to the table. Most of the other connections 
are rubber tubes and the supply jar has a total head range of nearly 200 
centimeters.- For long runs water can discharge from the rate tube, or 
can be drawn into this tube for flow in the opposite direction. Rate meas- 
urements in either direction are made by timing the air-water junction 
in this tube against the length scale. 


used for measuring could be gently retracted or advanced at 
will for repeated measurements through the same range. These 
were controlled by pinchcock. (Fig. 2.) 

Most essential part of the apparatus is the crack or orifice 
through which the flows take place. Much used was a pair of 
cylinders, one with a hole through its axis and the other with- 
out, clamped as shown in Fig. 3. The thickness of the crack 
was fixed by inserting three shims of metal or paper, which 
could be measured by micrometer. This form was most con- 
venient for resetting the apparatus for a new run and cylinders 
of basalt, brass and glass were used. 


Capillary tubes were also used as orifices, sd capillary 


tubes with long, tapering glass filaments inserted to form a slow ' 
adjustment needle valve. Another plan for a restorable crack 
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pOT differ mainly. with régard* to. ‘carbonate. enrich- 
: ment, not with regard to constituent Particles. 91. | After 
Raving undergone weathering . and  pedogeliic processes; the 
¿individual minerals ' ordinarily appear -fresh and ‘angular, 
[and consist] . Mo: mainly of. primary mineral. and 
- rock particles. , . Quartz grains are predominant. Calcite. 
grains are conspicuous. . Minor amounts. of rock fragments, | 
various heavy minerals, and: other minerals characteristic of 
:floodplain deposits are present in. varying proportions. — 
These statements imply a fairly extensive mineral suite in 
which. loessification should have’ produéed.. significant. changes. 
In the absence of explanation, the reader must wonder whether 


> “weathering and pedogenic processes” really have no effect on ` 


UN 


rock fragníénts. and ‘minerals - characteristic oz floodplain 
. deposits 'of the lower Mississippi.. e 
The occurrence of. calcite grains ‘and their relation to car- ' 
bonate enrichment -raise "questions. not answered in the paper. 
. Calcite seems to be listed among the detrital minerals. sup-' 
— posedly segregated from the parent material. which, however, 
is said to be noncalcareous and to have "undergone weathering. ` ' 
As their origin under these. -conditions seems impossible, per- 
‘haps they were developed as a consequénte ‘of carbonate enrich- 
ment... If so, what is the’ process by which’ discrete. calcite 
grains develop in a'porous matrix? If. they. are concretionary 
forms, at what stage of enrichment do they appear? What is | 
- the grade-size distribution of calcite in the deposit?. ` | 
Russell states that the carbonate content of loess has been . 
found to range from approximately 4 per cent to 36 per cent. 
As this carbonate is supposed to be Antroduced after sorting. 
and terminates the sorting process, a deposit. in which :50 per 
, cent, by weight, "would be included: within the prescribed grade- - 
size limits with 4 per cent of addéd carbonate might fail to 


 mieet the grade-size ed when. the iced carbonate 
AA: ERE 2E 
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Russell dier — two: facts as “proof: that the TUE was 
derived by colluvial.processes. - One is the. ‘Apparent gradation 
into the terrace. formations, . and tlie. other i is the mechanical 


analyses whi "commonly ui & tail of fine grain sizes far 


Op. cit, p29. ^ . 7 
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n T material is that of a lapped, long-taper jon. like a 
stopcock, with a slight flat- ground on oñe side. This is, how- 
ever, less susceptible of accurate definition as to dimension of 
crack than the plane-parallel forms. 
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Fig. 8. Diagram showing crack assembly most used. This is a brass 
end clamp with rubber tube connection at one end. The two cylinders, 
one with axial hole, are clamped against the rubber gasket, and are 
held apart by three shims at 120 degrees to form a crack of the desired 
thickness. The tie rods, here shown diametrically opposite, are in reality 
at 120 degree spacing. The cut is about natural size. 
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Resulis of Measurements. 


In this section certain of the experiments are presented in 
some detail; others are merely summarized or used as the.basis 
for general conclusions. In all, approximately 100 runs were 
made, with various forms of apparatus, and involving from as 
few as 10 to 50 or more rate determinations each. A number 
of the earlier runs were made before the time effect was recog- 
nized. Typical examples of these are shown in Fig. 4. In this 
graph, lines A to D represent flow under conditions which show 
progressively less turbulent flow. Line C suggests nearly pure 
laminar flow with little or no retardation due to the effect 
described here. Lines E, F, G, and H show laminar and turbu- 
lent flow in plane parallel cracks. Laminar flow seems to per- 
sist over a longer range between smooth glass walls than 
between lapped basalt walls. Run No. 25, shown in lines G and 
I shows a long transition from pure laminar flow to retarded 
flow in which N falls as low as 0.1 at the lower end. Attempts 
to dupliéate this behavior with modified arrangements of appa- 
ratus led to discovery of the time effect. 

Retardation of flow with time alone and with head constant 
is shown in various of the runs numbered above 100, as set forth 
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beyond the — silts that. constitute an overwhelming pro- 
portion of each sample." From the photographs accom- 


panying thé paper, the “loesslike” Intermediate. material ' 


appears to grade into the leached loess overlying the calcareous 
loess, and: ‘apparent. continuity into’ the “brown loam” on the 


. terrace may mean only.simultaneous development .of” soil on the 
' loess and or the uppermost materials on the terrace. No evi- 
.. dence, indicates’ that secondary-carbonate enrichment ever. ' 


extended throughout the depostt now classed as. leached loess, - 
and the thickness of the latter seems to be comparable to that ` 


of the noncalcareous intermediate material. Analyses of these 


two phases ‘show considerable similarity, and the possibility 


_ that both may’ ‘have originated by postglacial weathering of a. 
| ' common. source material seems a worthy hypothesis. At least 
their relationship shóuld be clarified. 


Occurrence of a “tail of fine grain Sizes" seems i prove 


i merely that sóme finer grade- sizes accumulated along with the 


coarser, and not that they represent necessarily a lingering. 
residuum after such sorting as churning and colluviation can 


produce. © Their occurrence also emphasizes the questionable -' 
. propriety of defining the deposit as. homogeneous. | 
^ No field or laboratory fact cited seems to disprove eolian - .: a 
l origin for the loess in the'lower Mississippi Valley. On the . ` 
| contrary, all the features seem compatible with the. concept of. 


wind transportation, with marked lodgment of the sediment in : 
the dissected. areas along the margins of the windswept terraces, 


. The finer grade-sizes could have adhered to the coarser during 


transportation, or they may : have lodged among the coarser as 


: sand becomes entrapped.among pebbles. Contemporaneous soil - 


creep is probable. Detrital carbonate grains could be the chief 


-.source of secondary carbonate. It still seems “improbable that 
A material with such striking payee! and field ARAR 


'has more than one origin. 


9914 


The loess problem appears to be as much involved with indis- 


 tinguishable “fact, opinion, and Hypothesis"! as before. 
-Loessification must remain.an hypothesis unless it can be sup- u 
. ported by evidence more ————— 


Op. cit, p. 26. ~ 


1 Op. cit, p. 84. . a 
15 Op. cit., p. 88. X J l x 
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i u DISCUSSION... 
| ORIGÍN OF LOESS REPLY, * 


Doctor Holmes' criticism — to be bacc on internal — l 
ftom my paper on lower. Mississippi Valley loess rather than on . 


actual familiarity with ‘the -deposits. It attributes to me several 
observations and opinions ‘not stated in the pepe and which I do 
"not hold. 

An impression ds given that loess -is associated with “slightly 
dissected” Pleistocene terraces, quite in contrast to my statements 
that “Other things being equal, a deeply dissected territory favors 
development” (p. 16), “In deeply dissected territory it creeps into 


— where it accumulates to-considerable thickness" (p. 24), 


“Pleistocene terraces, and underlying Tertiary formations have 
— deeply dissected in much. of this [south of Natchez] territory, 
and loess mantles lead down slopes, with increasing thickness, to 
:the deepest valleys. Extreme range in elevàtion, disregard for com- 
pass orientation, and movement across truncated strata are especially 
. well exhibited south of Homochitto River" (p. 16). ‘When the 


' Recent deposition started, the bluffs at Natchéz were over 450 feet. 
high, and subsurface borings show that the-face now. covered by 


alluvium was about as steep as the part exposed today ... Each 
[loessification stage] may have. been a glacial stage, when valleys 
were more deeply: — and colluvial Hopes were longer [than 
they are today]" p 


e 


It is possible t an last ahotation given led Doctor Holmes 


to the idea that “Loessification is not'now in progress in the lower 
Mississippi Valley." My own view is that "Loessification. may be 
in progress today . ... but completion of the process may’ acquire 
an interval ‘that lias affected only [late 'Pleistocenee] pre-Prairie 


parent materials as yet" (p. 82). The right kind of parent material, 
long slopes, and sufficient. Huc Appear to be, the : necessary factors | 


for loess formation. 


In contrast to "any churning i movements in loess formann appa- 


rently did not destroy the well-defined «basal contact” are my state- 
ments, "In the lower parts of exposed limbs [of pseudoanticlinal 
. exposures] there is'a notable amount of gravel ‘admixed in the loess, 
the thickness of the mixed material increasing downslope ... Grav- 


els in the admixed loess are gray; stones have random orientation 


and exhibit no evidence: of. stratigraphic continuity” (p. 11) . 
"there is no reason why: & tooth or bone should. not find its way 
into this material, Just as- gravel does” (p, 22), “Gravels are geneti- 


cally foreign to loess but become incorporated during mass move- . 
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bador. ‘Run No. 126 combines change of head with time effects. | 


This. consisted of flow through a 0.l mm. crack in the plane, 
annular form with lapped basalt walls. "The run commenced at 
plus 80 cm. head and continüed at various lesser heads through 
zero to minus 30 cm. head, thence returning again through 
zero to plus. 90 cm. Rate determinations were made at 


26 head positions, and rate values were roughly in linear rela-* 


tionship to head but with some deviation. At each head-value 
three or more ratés measuremerits were made, which showed at 
the larger positive heads a strong tendency toward retardation 


-and considerable accumulated constriction as the smaller heads 


were reached. Zero flow was reached and flow reversed i n caved: 
tion at & head of plus 1.8:cm. 
Through the increasing negative heads there was a slight . 


- tendency for the rate of flow at each head to incréase with time, 


suggesting. à possible clearing out of molecular film already . 
formed in response to increasing velocities at higher heads. On 
returning, the flow showed a'slowing with time at éach head and 
zero flow was reached at minus 0.6 cm. of head. The flow rate 


returned at plus'30 cm. to about half the initial rate at that- 


' head, indicating a moderate cimulated retardation thought to 


be due to’ film formation. After applying pressure pulsations ' 
by rapid squeezing of the rubber tube the flow was measured as | 
about 2 percent greater than the first rate. Subsequently, 


` with head remaining at 30 cm., the flow in 45 minutes decreased 


‘ 
” 


to 1/6 of the initial rate. ` The total time -of the run Was 217 
minutes. 

This run, in, addition to — the’ retardation with time, 
also showed that, the process of film growth through a series 





Fig. 4. rta graphs of. rate against head for flow through 


several types of opening. Lines A to C show flow through & cylinder 


containing angular, crushed basalt of the grades indicated. Line D is for 
the next smaller _grade but the specimen was coral sand. The coarser 
grades with N greater’ than 1,00 evidently permit some turbulent flow 
at the higher heads. Line D suggests the commencement of flow retarda- 
tion. Lines E, F, and G show nearly pure laminar flow. E and E are: for 
plane: parallel cracks between glass plates, with 0.21 and 0.046 mm. sepa-- 

ration, respectively. G is the nearly laminar portion. of à long run in a ` 
0.075 mm. crack between lapped basalt walls. H. shows the course of a 
run.in & crack 2.85 inm. thick, in a split basalt block encased in cement; 
this is turbulent flow. I is the lower end of Run No. 25 (G) which shows : 
steadily augmented reduction of flow in relation to head, with N reaching : 
apparently: as low as 0.10.. This run developed mach film formation and 
probably electrokinetic retardation and led presently to studies of the time 

effect. Scales are as indicated, in order to condense on one diagram. 


E 
- - 
r 


— Lr - EE f 

* 3 E 1 7 * i 

zi . ž " >~ ` ` ND + 3 

‘ * 48 s c a : E 

t p . 7 t É g s r 

"m (t à 3 ¿ 
^ 
; t 4 


: 
^x " a £ at a * 
T 


54. mento...  Gravels m may in all cases be — — tó their source 
l . beds. -Loess vereeping over gravel layers picks up stones ‘and incor- 
- porates. them in the process of. carrying them downslope” (p. 20). 
|. +. The criticism, attaches significance to" “churning | movements,’ 
A "that I did not emphasise, as may^be appreciated from the fact that. 
- án my summary of the process of loessification (p. 80) no reference 


- — ecogilsed by. pedologists, contrasting with laminar translocation. 
DOS > Tt is well known that such movements, cause ‘the rise of larger par- 
SEN tieles to the surface, whether churning be caused by. alternating - | 
iu, + freezes and thaws, the ‘growth of plants, or the. creep of soil and 
Ed E — materials down slopes, '. 
- s ..; After quoting meto the effect that. “Surface losses of fine — 
¿$ : -"Gecur for various reasons" the statement appears that “The ‘various 
n ERE “might . include wind action, but the attempt is to- avoid ` 
, . 5.3 T appeal to ‘eolian processes.” My” statement refers to. processes.. 
STU Pers for concentrating coarser particles residually. Wind 
one : appears to play an important ‘part in leaving residual desert pave- 
^ , ..'ments in the arid Southwest. It may play a.similar rôle in the 
- lower Mississippi Valley when ‘it. raises: „dust, but residual concen- 
a i «tration: of coarse particles is not ‘an essential part of thé. eolian `. 
TN $^ rola of loess origin. The hypothesis is concerned primarily 


«1 ^,  eould move with the uniform velocity required to permit the- 
Zo - -accomulation of material so homogeneous that at least half and ordi- 
AEn ñarily about three-fourths of its particles (by: weight) fall within 

„>. + the limited diameter range,0:01-0.05 mm.” (p. 24). `- 

.* + + V “Fhe discussion “Problema of mineralogy” refers — to. — 

A e vations that may ‘be checked as*to factuality. ‘Criticism 'based-on the. ` 
OT. introduction of contradictory facts has far greater weight. than that 

'. based on opinion or speculation. The assumption that calcite grains ` 
- in loess are detrital is wholly at variance with any facts known to. 
M me. The sécondary nature of the carbonates is clearly emphasised 

a . throughout my paper. Polynov's assertion that the mineralogical 


— E 2 virgin field for’ research. (p. 26) is true as. far- as I. know. 


1 . To the. assertion, ' ‘No évidenée that secondary-carbonate ' 'enrich- ` ; 
. "^ .' mént ever extended, throughout the deposit classed as leached loess,” . 


22.00 í E may cite, "The newer cuts along U. S. 61 south of Vicksburg dis- 
ee t. + play deloessification ‘sones*many feet thinner than those ‘along' old. : 
co. ¡roads in the vicinity. ‘The zone is always thickest on the face of a- 
= EA cut, and ordinarily its base slopes sharply upward in the first few 
2.45. feet... Effective leaching-removes carbonates, shells.dissolve com- 
"LOCA - pletely, root tubes suffer various degrees ‘of destruction, and aggre- 
To. gates start breaking down... All featurés ined to ao nicas 
l gradually — p. 59). E. 2 3 
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cs X7 with deposition; “It seems improbable that either- wind ôr water | 


2 “to churning occurs. The churning mentioried i is the type commonly , 
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- investigation of tarbonates such as occur in loess is practically a ^,- 


(1) In this run the rock surfaces were tightly in contact; the opening was due to 
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of decreasing head positions 18 accompanied by an apparent 
shift in th: zero position, by which zero flow is reached before 
zero head is reached, followed by reversed flow which increases 


before the previously determined hydraulic zero is reached. 


This effect was shown to operate in either direction, and was 
found later to be dependent on lack of an electrical ground so 


that an electrostatic charge is built up. This is by no means 


a mere stoppage; it is an actual electrokinetic potential, 
apparently due to the streaming effect, and which is capable of 
inducing flow against an equivalent hydraulic potential. 


To further test this, in Run No. 127, by rapid succession of - 


flow rates from 80 cm. head downward, in a basalt crack 0.1 
mm. thick, a potential equivalent to 2.25 cm. was established, 
after which, with the head of the supply jar very slightly-low- 
ered, the water flowed for more than four hours against a 


hydraulic head of over 2.0°cm. and moved a total of more than 
. 10 cc. of water. 


Many different runs were made which demonstrated the 
reduction of flow rate with time and to economize space, the 
chief characteristics of 15 runs of this kind are summarized in 
the following table. 


Table of Flow Behavior'in Thin Cracks. 


3 


l Reduction 
Total Total Ratio End 
Thickness Time Ratioof - per100 Condition 
Wall (mm.) Liquid (Minutes) Reduction minutes ` (2) 
Rock O45 Tap — 1275 . 208 1.52 C-1440 - 
de er A 1090 48 - 1.48 disturbed 
di + i 1410 22 1.24 C-890 
, « LN a «u 2120 11 1.12 C-640 
"s ii as 1885 56 1.85 C-8525 
e = X s 2180 244 1.29 C-470- 
Brass 026 NU: 290 19.4 2.78 DE 
Rock .045 Dist. water 2160 246 1.29 C-646 
n So on 1810 =. 150 148 nr 
Brass a M 2780 2740 1.88 C-5470 
Rock (1) Pentol 570 17 1.64 n. f. 
— :045 1440 10 1.17 C-980 
Brass A DBE water | 980 1850 2.15 n. r. 
AS 232 ui ; 642 51 1,84 “n, T. 
«o. A64 ELE 1218 9800 219. nr 


irregularity and its dimensions were small but unknown. 


(2) In this column, for example, C-1440 signifies that the flow continued at a 
constant rate for 1440 minutes additional to the total time of reduction shown in 


éolumn 5. The designation n. r. means no record was made. 


| eis et l Discussions ioe vo 49 
My .paper would have been strengthened, by the inclusion of. ~" 
grain-sixed analyses of backswamp deposits. At thé time of. writing 


it seemed sufficient to, include only a typical loesstlike | sample from. 


‘the lowest terrace and a sample of material that has almost become ` 


loess on a slope: leading from ar upper terrace. ` The ratio clay to 
silt in backswamp clays-is by tio: means as high as the term clay 
would ordinarily lead one to believe, and 1 régrét that my Pepe 
is not sufficiently emphatic on that point. 

The problem of disposal of fine material is not difficult. No ' 


significant topographic changes ‘are required. Most of the sorting 


goes on while A-horisons are being developed in parent materials. 


` | The concentration of coarse particles in Á-horizons is characteristic 


i 


N 


 accumulates. The quantitative aspects of.the problem are not ' de 


of most mature soils and is mainly the result of translocation of finer ` 


‘particles to B-horizons below. .Mass- movements on slopes leading 


to loess deposits affect mainly the surface, where. coarse particles 
have accumulated residually. Concentration of coarse particles is . 
characteristic of colluvial phases of most soils. "These processes 
explain the’ concentration of silt in loess, whereas finer materials 
are left behind: in’ the subsoil horizons of parent material areas, 
These places are topographically higher than those where loess 


Serious. Slopes of parent materiál are widespread in the loess belt 


but individual deposita of loess are relatively small. 

- The statement that I offer but two facts in support of colluvial 
origin of loess appears unfair. That one of them is the tail of fine 
grain sizes extending far beyond the coarse silts that constitute an 


overwhelming proportion of each sample is an. interpretation that I : 


did not anticipate. This fact wüs stated quite incidentally, rather 
than as a vital link in an argument. I regard it as confirmatory 
and believe that practically all sedimentologists will agree that it 
indicates sorting of the type described. The weight of thé evidence . 
in support of colluvial origin lies mainly in conclusions derived. from 
intensive’ field work in stratigraphy. Laboratory investigations 
confirmed gradations noted in the field. Pedogenic theory appeared 


to be favorable to conclusions reached. A rather thorough investiga- 


tion of literature ylelded many confirmatory observations and little | 
valid contradictory evidence .Personal familiarity with many Euro- 
pean loess localities helped přovide —— for the maj or thesis . 
presented. 

The statement, “No field or: laboratory fadi cited seems to dis- 
prove eolian origin for loess in the lower. Mississippi Valley" 
appears to indicate complete disregard for most of the observations 
on which my paper is based. ` Is,it possible to explain the distribu- * 

Ax. Jour. ScL.— Vor. 242, No. 8, Audver, 1044. 7 i m . 
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In the foregoing table, the broad, fact? of flow reduction is 


- clearly shown with retardation of ` more, than 1000 fold in three 


!,  runs.. In the seventh ‘column is. shown: for ‘each run a computed 


rate of reduction per 100 minutes, which in’ "general falls between ' 
land2. As shown in Fig. b, the general course of reduction is . 
| HAE of a logarithmic decrement, giving a straight line when 
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Fig. 5: Graphs showing rate plotted against time for runs made under various conditions. 'Note - 


particularly the straight lire distribution of points for all or parts of various run. . Scale units have * 
- been chosen in order to place the runs on the graph; absolute slope in any case is significant only if 


Data for the other 


Line D, Run 140, is for flow through medium coral sand, under 9 cm. 


scales are taken into account. 


head, in a jar of 9 centimeter length, with cross-section of 64- square centimeters. 


lines will be found. in an accompanying table. 


" a ' jon,  grleutation, shapes, ‘internal, end, ¿nd stratigraphy of | 


_ loess deposits, under a theory of eolian origin? A serious. attempt, -. 


” extending over many years, to do that very: mig convinced me that, ` 
it is impossible. ... 


I refuse to accept credit for championing.“ a flew proces hitherto 
.'meglectéd or unknown.” 'Reéfererices.in my paper ‘show that Hil- 
"gard, Eeverett, Mabry, Harris and Veatch; Todd, and-Shaw saw 


that.“loess grades into alluvial clays” (p. 26). Hilgard, Moyer, 7 


‘Worthen, Winchell, Chamberlin, and: Todd suggested possible _ 
ecolluvial origin of. loess. . Relationships between .colluvial: origin ' 
and uniformity in grain size were recognized as early as 1866 by +. 
“Worthen and in 1886. by. Wahnschaffe. The transition to less 
loessial characteristics with increasing distance from, bluffs ‘was 
, noted by both. Todd and Leverett in. 1897. “Even tlie term - loessifi- 
, estion" was suggested to me by A. Penck (p. 2). -— 

One may not' expect. immediate acceptance. of a thesis that y runs 
counter to firmly ' established belief, however flimsy, the’ evidence 
‘upon which. the belief rests, In venturing into a position. where it: 
seemed necessary to renew an argument that appeared to be'settled, 
' I realized that various antagonisms: might be aroused and brought 
the matter to print. only after many years. of éareful investigation. 
If this yentüre renews an interest in field work that will lead either 
to the confirmation of my thesis or to other explanations even more ` 
MD and conclpivo, ay efforts will have been well repaid. ' 
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"plotted. on ‘semilog” paper with — on the "m mA , 
-- This form is approximated by mañy-of the runs; but there are. 
moderate deviations. from tue SOROR line in both directions | 
in some runs. 

It is also ae ere eer an gach or that comori — 
. points over a ‘period: of several. hours wil fall closely on a . 
, straight line, only to change abruptly so that subsequent points. 
define another straight line.at another slope. "This behavior. 
suggests that the rate of retardation tends to. be proportional. 
; to rate of flow, but that such course may be interrupted by 
_unrecognized changes i in condition which initiate a similar decre- E 


.ment at a new rate. (Fig. 5.) 


Among the runs shown in the table, about half were cent nud 


|, and recorded for periods of some hours after a constant rate’ 


Li 
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. 
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had been reached. Longest of these was No. 117, in which flow 
was reducd from 0.08 to 0.00001 cc. per second in the course 


- of about 47 hours, and- then remained between 0.000012 and 


- 0.000009 cc./sec. 91 hours more. A — of these runs is 
— in Me following table. * 


Table of Terminal Rites, " 








, Run ead. Final Volume - Final Velocity - 





No. .  Liquid' >’,  : (em)  - Rate (ce./sec.)' ' (cm./sec.) ' 
1086: ‘Tap Water | 85 1 .0002 . 006 
. 107b . Tap Water e. 107 .  .0002 . .. 408 
.. 07e, Tap Water . "40 0016 . EE: 
. 110 Tap Water ' 920 ' 400085 >- 01 
111 Tap Water “20. 0006 - O18 
. 116a Distilled Water © YO ` . 00005 `. O15” 
117 ' Distilled Water ` 10 a - 00001 "0008 - 
120: ' Bensol 7 ne i 


- 


^ 


p In all the above runs the — of crack was 0. 045 xailli: 
meter and the wall in all of them was rock, excépt No. 117, 


where it was brass. In a rough way we-may say that in all the: 
runs with tap water the terminal velocity was of the order of 


1/ 100 cm. per second or above and with distilled water or benzol 
it was nearer 1/1000 cm. per second. . There appears also à. 


. rough correspondence with head but, our data — varrant 


- ‘generalization at present. | l 
. It is. Nery interesting that no run reached a — rate of 
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* — and ihis fact léads to the’ speculation that possibly: dhe : 


' termina] rate may depend on a process of net molecular inter- 


` change rather than true kinetic flow, the latter having been. 


completely stopped. It is conceived that there is a net differ- 
ence between the boundary conditions at the two ends, of the 









Film orate. 





i Fig. 6. Diagram suggesting | conditions of diffusion through a a crack in 
which true flow is — by an adsorbed molecular film. 


2. t 


crack. ue 6.) iid as hydraulic Pee enters into | 


molecular behavior across 3 such a. ioni del presum- 


ably be & net tendency for molecular movement to take place 


from A to B, and from B.to C, even though this is not expressed 


in ordinary liquid flow. . This is essentially diffusion from liquid 


"to film to. liquid which appears to continue as a residual rate 


of transfer after true liquid flow has stopped. Further experi- 


e d be required to oye or disprove this hypothesis. ` 


+ 
E 1 pc 
4 . ` ‘ a? + 
1 


;  Sumtary AND: EXPLANATION. | 


The chief findings of the — referred to above may 
be listed as follows:: ^. - 

(1). The flow of liquids — very small or thin openings 
at low velocities takes place at rates which are much less than . 
would be deduced' from Darcy’ 8 law | by. eompanson with rates 


1 
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at higher heads, or than would be deduced from the Hagen- 
Poiseuille law by comparison with rates in thicker openings. 
Superficially, the effect is as if the viscosity of the liquid were 


- greatly increased in such openings. In some instances the final 


flow rate is as little as 1/1000 of the rate which- would be 
deduced from these laws. 

(2) The establishment of a final or — 1 Bteady rate of 
flow in small cracks may take many hours ór several days and 
consists of a progressive and systematic slowing down as a 
function,of time. ln the case of wider cracks, the rate may 


start at a value which is little if any below those consistent 


with the Darcy or Hagen-Poiseuille laws but after 10 or 100 
hours may be reduced to 1/100 or 1/1000 of the initial rate. 
(3) The condition of greatly retarded flow can be in large ` 


.'part destroyed by mechanical disturbance, tapping, pressure 


pulses, or passing water through at higher heads and velocities. 
For the same head the flow rate can be restored 1n this way to 
near its former value. But commonly on resuming steady flow, 
the retardation takes place more rapidly than before. 

(4), After progressive slowing of flow through a thin crack 


. 1t is commonly found that on reducing the head difference there 


is presently reached a point of apparent equilibrium which is . 
several millimeters or as much as two or three centimeters 
above the previously determined hydraulic zero. Not only is 
this true but on passing beyond this point it is found that a 
reversed flow takes place, in which water. moves toward the 


. supply jar whose water surface is still one or two centimeters 


above the free surface at the normal outflow end. This forma- 
tion of a potential zero differing from the previously determined 
hydraulic zero appears to take place only when the apparatus . 
is not electrically grounded. ` 

(5) The retardation effect is shown in all liquids which 


wetted the surface, including distilled water, tap water, solu- - 
tions of boric acid and: of ls xylol, but was not observed 


with mercury. 
(6) Though it is not the aim of the present paper to probe 
the application of Darcy’s law at very low hydraulic slopes in 


- permeable sediments, a few runs were made with flow through 


medium sand at slopes of about 1, and with velocities under 0.1 
em. per second. In these runs, as with various thin cracks, the 
same retardation effect was found, with flow in one case declin- 
ing to less than 1/100 the initial rate in about 6 hours. 
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While it would be premature to, attempt a discussion, of this 
problem on the basis of limited measurements, it is puzzling 
that this effect was not encountered notably by Meinzer and 
Fishel? It is mentioned in the earliest of the above papers 
(p. 407) that at a certain stage, “the coefficient of permeability 
declined to only about 200 (from 400) probably on account 
of clogging of the sand by some unknown cause," but other- 
wise no retardation was recognized., Until further tests have 
been made under more nearly comparable conditions, discussion 
will hardly be profitable, except to observe that if the writer's 
postulate of film formation is correct, there is no challenge to 
the validity of Darcy’s law. The question is rather our capacity 
to make, interpret, and apply flow experiments in the face of 


'the possibility that both natural and experimental conditions 


may be affected by the retardation here described. 

Neither the writer's background, nor the apparatus avail- 
able will permit a rigorous, quantitative definition of retarda- - 
tion. Rather it is proposed to suggest a qualitative explana- 
tion which may provoke discussion and indicate the possible 
bearing of this effect on ground water behavior or on hydraulic 
measurements in certain ranges. 

The two most obvious possible causes of retardation of flow 


. at a given head are (1) increased viscosity, or (2) decreased 


cross-section. The first of these posstbilities was suggested 
many years ago in connection with retarded flow. observed in 
capillary tubes. As then stated, it appeared “that the water 
dissolved from the tube a very small amount of some constituent 
that had an extraordinarily large effect on the viscosity at low 
rates of shear."* In these experiments the effect was eliminated 
when the inside of the capillary tube was silvered. 

Another investigator, three years later, undertook to verify 
this presumed increase of viscosity at low rates of shear, using ` 
the common apparatus with concentric cylinders. With this 
method, aftér experimentation, no such increase of viscosity 
was found. Following this result, Gurney prepared solutions 
from powdered glass of the same sort as the capillary tubes 

* Meinzer, O. E., and Fishel, V. C.: 1984, Tests of Permeability with Low 


Hydraulic Gradients, Amer. Geophys. Union, Trans, pp. 405-409. 
Fishel, V. C.: 1985, Further Tests of Permeability with Low Gradients, 


Amer. Geophys. Union, Trans., pp. 499-508. 


* Duff, A. W.: 1905, Poiseuille’s Law at Very Low Rates of Shear, Phil. 
Mag., Vol. 9, pp. 685-692. 
ë Gurney, L. E.: 1908, Physical Review, Vol. 26, pp. 98-120, 128-124. 
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^. used-by Duff, which were believed to be much moré concentyated, ` 
«' than any resulting in the latters tubes and after repeated tèst. 
failed to find a significant increase in viscosity. On the other _ 
,, hand, in the-same experiments, Gurney noted a surface rigidity. : 

. ‘of water which increased with time of standing. (Op. cit., pp. 


121-122, 1908.) .Such a stability of surface has been mele. by 
others, is due to molecular film and in sum the experiments of 


; Gurney appear to ‘dismiss tlie-concept of changed viscosity. 


This leads:to consideration of the second suggestion, & pos- 
sible reduction .of. cross-section. The writer has suspected... 


l : from the begihning of his observations of retardation that a . 
< most probable cause of such reduction of cross-section is the >` 
' formation of a móleculaí film on the walls of the crack. This 


interpretation was further. encouraged by the reasoning used ` 


. -by P. G. Nutting in connection with measurements of the rate 


of flow ‘of: liquids through a capillary as affected by various 


external molecular fields.© He used the rate of flow -and the, 


“-Hagen-Poiseuille law to, deduce the effect radius. of. the flowing 


stream under: different conditions and 7 in turn. the ‘thickness of”. 


— adsorbed films. No elaboraté attempt was made to measure 
"C the, time of. formation of these adsorbed filins but the firat runs. 


showed higher velocities and apparently “several minutes were 
required' to complete the adsorbed film.” ` ` / 
Suggestions have been ‘made that electrolytic forces -— the 


e presence of electrolytes may be essential to the formation of 
6c. e films. In view of the general presence of retardation i in - 
~ both distilled water and tap water and in non-conducting liquids 


as well as solutions of electrolytes, it. does not appear that 


‘electrolytic forces are necessary, though they may play some 


part in certain. instances. Neither is tt believed that static 


-electrical effects are essential though they appear in the polar- 


ity induced by flow when the apparatus is not grounded. The 
sum total of the experiments appears to indicate that the major 


‘phenomenon of retardation and the growth of retardation, 
with time can be adequately explained by recourse only to the - 
eo kinetic theory and ' to the molecular attractions involved in | 
-* » : adsorption at the boundary between liquid and solid.. 4 
— . According to the kinetic theory, molecules of a, fluid are 
ES an incessant. state of random movement, and. mutual bom- 


bardment and collision, the tempo of which depends on the 


* Nutting, P.-G.: 1948, — Forces, Active DEN Glass, Scienco, 


i Vol. 97, No. 2507, pp. 74-15. . 
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| nature of the fluid and on its: ‘témperature and pressure. Two 


of the properties of fluids, and in ‘particular y ‘of liquids, which . . 


` are to be explained by and are a necessary consequence of the 
. kinetic theory are the equality of pressures in all directions and ^ 


the tendency to flow from pointe of high potential to points of 
low. potential These properties of liquids, including that of 
viscous fluidity, lack of capacity to resist shearing stresses, 
continuous response to shearing stresses without minimum start- ` 


^. ‘lng stress, are all fundamentally dependent’on, and a necessary 


consequence of the random, kinetic behavior of molecules under 
the kinetic theory and hold in any field which is large i in propor: 


.. tion to the dimensions and spacings of thé molecules. - 


Contrariwise, we-may say that any field composed of mole- 
cules which are actuated. under the kinetic theory. and.in which . 
each molecule, despite its random vectors of motion, lies indefi- 


nitely inside a statistically homogeneous: field of molecular 


attractions and motions, is a fluid and will display the’ prop- 


“erties of a fluid. ` If now we consider a point within a mass ' 


‘of fluid, specifically a liquid, so close to'a solid boundary that 


' molecúles are affected, in the direction of the solid boundary, 
both by the cutting off of the attraction of- liquid molecules 


because these molecules are lacking and by the addition of 
attraction or repulsion of molecules ‘of the solid boundary, we 


` gee at once that molecules of water in such 'a position are no 
longer at the, center of a statistically honiogeneous and sym- 


metrical field. In the case of. wetting liquids, some or all these 
molecules’ become adsorbed and form an effectively immobile 
film. Stated in another way, it appears that these. molecules 
are no longer active components of a ‘symmetrical field. of 
kinetic behavior and nó longer conform to the definition of a 
liquid. "They have lost the properties of liquidity, including 
that of viscous flow.. .To the present writer it doés not appear 
that móre elaborate explanation i is essential., Rather than to. 
invoke incréased viscosity, or forces which oppose flow in vari- 
ous ways, it seems more direct, as above, to point out that the 
very basis of liquidity is withdrawn in a mass of d too . 


thin to constitute an effective kinetic field. 


The thin cracks studied in these experiments consist of two 
nearly, plane-parallel walls. It was found that when the sêpa- 
ration becomes as little as about 1/4 millinieter, the zone on f 
either side, next. to the boundary, in which the adsorbed film 
is formed, is sufficiently thick in proportion to the. whole crack 
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to be measurable. It does not appear to the writer necessary 
to assume that films of fixed molecules must approach 1/10 
millimeter in thickness, though they are no doubt many .mole- 
cules thick. It seems most likely that the transition between 
a. fixed film and a body of fully kinetic liquid is not a dimension- : 
less surface but a zone of sensible thickness within which the 
kinetic behavior of molecules must be statistically graded and 
unsymmetrical, proportional to the relative position. If we 
assume this'to be the case, it will follow that near the layer of 
fixed molecules capture or immobilization of molecules will be 
imminent, and that nearer the moving stream of liquid the 
behavior of molecules will be more fully normal and statistically 
symmetrical. One of the consequences of the juxtaposition of 
the moving stream to the layer of assymetrical behavior and 
thence to the adsorbed layer would apparently be the loss of 
energy from the kinetic system: Since the only source of 
energy is the larger mass of liquid and its avenue of arrival : 
is the stream passing through the crack, it seems reasonable 
- to suppose that in some thin cracks the passing stream would 
bé under low heads incapable of delivering and losing sufficient 
kinetic energy to remain liquid. Therefore, under the sug- 
gested conditions, the liquid filament would “freeze,” through 
loss of energy, just as truly as would any molten sustos 
passing through a long, thin, cooled Pipe. 

According to the size of the opening and the relative rates 
of supply and loss of energy, the opening may or may not be 
fully closed by the formation of an adsorbed film. This film 
will by no means be built up instantaneously, since it is formed 
of molecules which under an appropriate probability behavior 
fail to escape from the adsorptive force. It appears that the 
number of such molecules which are retained will be a function 
of the intensity and distribution of the adsorptive and kinetic 
.forces integrated through a period of time. By retardation 
` of flow through progressive constriction of the crack it appears 
that the absolute rate of growth of the film would be reduced 
but that tts rate relative to the current would be approximately’ 
constant. This would produce a curve of the form of a loga- 
rithmic decrement, which is approximated by many of the 
experiments recorded. : 

- The marked shift of the zero point, which causes the crack : 
to act apparently as a pump, is due to the so-called streaming 
effect described in texts on electrochemistry. "This is due to 
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the motion of water through small openings and. the production 
of an electric potential which has been shown to be in linear 
proportion, under any given set of conditions, to the hydraulic’ 
head which produced it.’ This effect apparently produces an 
electrostatic potential capable of moving water against small 
heads only when the crack and the surrounding apparatus are 
not electrically grounded; it probably would not be operative 
under natural ground water conditions but may lead to Ebe 
rant experimental results. 

It is indicated by the experiments summarized here that the 
. flow of a liquid may provide a fruitful method of measurement 
of the growth and mode of formation of liquid films. It 1s 
thought that such retardation of flow may be of large impor- 
tance under certain conditions and that inconsistent results in 
flow measurements at low rates cannot be dismissed as acci- 
dental or apparatus failures. Possibilities on the practical 
side of ground water hydrology will be presented at a later 
date. Meantime it is hoped that the more precise’ experimental | 
` and theoretical studies of this phenomenon will be made by 
those experienced in molecular physics and having adequate 
laboratory facilities. 
| 7 Weiser, H. B.: 1989, Colloid Chemistry, p. 207. 
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. SOLFATARIC ALTERATION OF ROCKS AT 
J KILAUEA VOLCANO. 


ABSTRACT. ' Solfatarie. alteration of basaltic java and po ash , 
at Kilauea Caldera has produced,& rock composed largely of. opal; with a: 
little kaolin' and relict ilmenite and magnetite. The’ replacement. is 
approximately of equal volume to the original rock. Original -structures : 
and textures are excellently preserved; The alteration resembles that in - 


areas of acid emanations’ in. other volcanic districts. Less abundant is an ' 
iè Brem to limonite and Eum 
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"INTRODUCTION. 


T m A along the boundary faults : of “Kilauea 

Caldera escaping sulfurous gases have produced a pro- 
found alteration of the rocks. ` The. best known of the two 
localities.is Sulfur Bank, situated on the northern edge of the - 
. caldera near the Volcano Observatory and Volcano House. 
For many years the vapors of the Sulfur Bank solfatara have. 
been used for sulfur-steam baths. - The other locality. is on the 
southeastern edge of the caldera’ near the southern end of 
Byron’s Ledge; about & mile east of Halemaumau (Text Fig. 1). 
At:those places the surficial rocks have been changed from the : 
prevailing gray to glaring cliffs of pale creamj-yellow or 
grayish-white color, with minor amounts of brilliant red. iron 
oxide and yellow sulfur. The -picturesque qualities of the . 
scene are heightened by drifting plumes of steam. Visible alter- . 


ation is greater.at Sulfur Bank than at the solfatara on the 


eastern edge of the caldera, but a large portion ‘of. the latter .. 
‘has been buried by recent lava flows. ':Lésser amounts of alter- - 
_ation occur at other localities, as, for instance, along innumer- 
able cracks in the lavas. of historic age which cover the floor _ 
of the caldera. , bx E 
'l'he two major areas of selene alteration are € essentially 


'. alike. Suites of specimens from both have been examined, but 


they are so similar that there appears to be no need of describ- : 


ing both localities. ` The gases issuing at Sulfur Bank have 


' been analyzed, wliereas those from the other locality are known 


! Published' by permission of the Director, Geological Survey, .U. 8. De- .. 
partment of the Interior. ' 
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The middle cliff at Sulfur Bank, showing the bleached rocks much altered by solfata- 


ric gases. The darker cliff in the background is the northern cliff, forming the outer 
border of the graben. 
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Fig. 2. 
The much aitered middle cliff at Sulfur Bank, with the northern cliff behind it, and 


the floor of the graben, transected by a large fissure, in the foreground. The house 
covers the drill-holes from which the analyzed gas samples were collected. 
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‘ranging in composition from olivine-poor basalt, through oli- ' 
vine basalt, to penne basalt very rich in phenocrysts of 


ba * 


only | in a very. genetal manner, For that reason, the Sulfur 
` Bank locality has been chosen for detailed description. 
'The rock alteration has been attended by abundant deposi- 


' ‘tion of minerals in open spaces.’ Many cavities are lined with 


well-formed. acicular- -erystals of sulfur, some. of them two inches 
or more. in length. No study of the deposited minerals has 
been made by the writer, but they are known to include opal, 


alum, gypsum, mirabilite, kieserite, epsomite,” and aphthitalite. | ' 


The writer wishes to thank Mr. E. G. Wingate, Superin- 
tendent of Hawaii National Park, for permission to collect, 


_ Specimens for scientific study within the boundaries of the Park. 
R. H. Finch, H. T, Stearns, and C. K. Wentworth have und ! 


criticized e manuscripts: 
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. GENERAL GEOLOGY. 


. Kilauea Caldera i is a great sunken area at the summit of the 


broad shield volcano of Kilauea.. ' The boundaries of the cal- ' 


dera are a series of faults, which ‘appear’ to be essentially 


-vertical. , Nowhere, however, is the boundary a single fault. 


On all sides, the displacement is: accomplished by a succession 


of offsets, the greatest.of which is generally the innermost . 


(Text Fig, 1). _ The fault scarps expose a-series of lava flows, 


olivine. 
, Sulfur Bank occupies the northern wall of a shallow graben 
just within the outermost fault at the northern edge of the 


caldera. The northern wall of Sulfur Bank.consists of two ' 


faults, the outérmost of which forms a cliff 80 to 50 feet high; 


and the other a cliff 15 to 20 feet high. The southern bound- . 


ary of the graben is-a low cliff 5 to 15 feet high. Gases escape 


along all the faults, but are most. abundant along the middle : 
" one. ` ‘The entire area. between the northern and middle faults 


is much fractured, and vapors issue at many. points. . Altera- 


© tion is greatest along the middle fault and in the block between 


it and the northern fault, The distribution of altered rock ` 
- and deposits of sulfur, and salis, indicates that solfatáric activ- 


. *Moomaw, B. F.: 1988, The rocks and minerals of the Kilauea-Mauna 


, Loa Section of Hawal National Park, Hawali Nat. Park Natural His- 


tory Bull. 8 (mimeographed), p. 20. 
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.,. * Washington, H. S., pis Merwin, H. E.: 1921, Apes. from. Kilaues, es 
, . Am. — vol. 6, pp. 121- 125, ; 
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ity was once more. extensive T now. Some Li of the 


active vents occurs. | 
The cliffs at Sulfur Bank expose a series of thin flows of: 


olivine basalt and olivine-poor basalt, principally — 


overlain by a layer of ash 8 to 5 feet thick. Both the lavas 


Wr dc ee S (SULPHUR BANK 
Fault showing down- p m 
throw side à 


Text Figure 1. Fault map of Kilauea Caldera, showing the location of 


the principal solfataric areas (slightly modified after Stearns, H. T., and 
Clark, W. O.: Geology and ground water resources of the Kau District, 
Hawaii, U. S. Geological Survey, Water Supply Paper 616, plate 1, 1980). 


and the ash are greatly altered. ‘The ash appears to alter 
more readily than the lava, however, probably because of its 
higher content of unstable glass. 


COMPOSITION OF THE SOLFATARA GABES. 


The gases escaping at Sulfur Bank have been studied by 
! Finch, R. H.: 1948, Personal communications, November 4. 
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"several workers. In 1922, E. T. Allen collected samples of 
gas from drill-holes at Sulfur Bank. His analyses yielded the 
following composition for the fumarole gases: 


SCAN cia iiss rd 96.2 % 
Fixed Babes AA is Ot 

Sulfur dioxide ........... A . 096 
Sulfur Vapor escasa EVE. .004 


Hydrochlorie acid ....... — Se trace 


The temperature was found to be 95.5° C., or approximately 
the boiling temperature of water at that altitüde, throughout 
the depth of the drill-holes. Earlier partial analyses by Brun? 
` had detected no sulfur dioxide. Studies by Ballard and Payne, 
during 1936 and 1937,* showed that the fixed gases detected 
by Allen probably consisted of air and carbon dioxide. 

Further studies by Ballard and Payne, on a series of 48 
samples.collected at short intervals from September 1938 to 
August 1940,? showed sulfur dioxide to vary greatly in amount. 
No combustible gases were detected except during March and 
April, 1940, when hydrogen sulfide. was present in.very small 
amounts. The present writer thought he could detect a faint 
odor of hydrogen sulfide at times during July and August, 1941, 
The values determined by Ballard and Payne, for constituents: 
exclusive of steam, are summarized below. That for: sulfur 
dioxide includes a very small amount of hydrogen sulfide during 
March and April, 1940. 


Average Range 
Mai 7.9% 0—40% 
Sulfur dioxide ............ 4.6 0.5—18 
Carbon dioxide ............ 88.1 49.,2—99.5 


Obviously, the gases are weakly acid. Condensation of steam 
at and near the surface produces a film of moisture on exposed > 
surfaces of the rocks. The dissolving of small amounts of 
carbon dioxide and sulfur dioxide, with partial further oxida- 
tion of the latter, produces a weak solution of carbonic, sul- 
` furous, and sulfuric acid, which vigorously attacks the rocks. 

* Allen, E. T.: 1922, Preliminary tests of the gases at Sulphur Banks, 
Hawaii, Hawaiian Volcano Observatory Bull, vol. 10, pp. 89-98. 

? Brun, A.: 1911, Recherches sur lexhalaison volcanique, p. 251, Paris. 

* Ballard, S. S.: 1988, The volcanic gas problem, Volcano Letter, no. 455, 
pp. 1-5, January. 


5 Ballard, S. S., and Payne, J. H.: 1940, A chemical study of Kilauea idi: 
fataric gases, 1988-40, Volcano Letter, no. 469, pp. 1-8, July-September. 
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ALTERATION OF LAVAS. 


- M. egascopic features —At Sulfur Bank, lavas — in the - 
low fault. cliffs exhibit various stages-of alteration. The. rocks . 
‘are divided by joints into polygonal blocks a few inches to a. 
few feet in diameter. ‘The Joints provide the easiest avenues 
for migration of the gases, and. consequently. the rock along’ 
the joints is most'altered, whereas that in the center of the | 


+ blocks is least altered. Some blocks have ' been affected 


throughout, but i in. many. there still is preserved an ‘unaltered . 
or little-altered core. Penetration of the agents of decompo- ` 3 
sition has been greatest at the corners of the joint blocks, . ` 
resulting in rounding of the residual, unaltered core,'as if 
ordinary spheroidal weathering. . The discrete concentric shells 


resulting from volume change on decomposition, which are .'. 
"characteristic of spheroidal weathering, are absent, however. © 


Typically, a partly altered joint block consists of a core of 
dark gray, fresh-appearing lava, surrounded by a zone in which :. 
the color becomes lighter and lighter, until at the edges the .: 

rock is bleached to a pale creamy-yellow - or grayish-white. 


* The. glass y ‘crusts. of pahoehoe flows appear to. alter more read-, 


- ily than the lithic interiors. ~~ y 


Even in the most highly altered Tavas, the primary — 
are still clearly visible. The highly vesicular structure: of 


frothy pahoehoe is perfectly preserved, a as are ropy PANGE E: 


hoe flow tops. 


The overlying ash: deposits are even more generally altered ` 


| TN the lavas. "The original colors of the ash were greenish- " 


brown, buff, or. gray, but they are now largely pale cream in 


‘color. The original fiie lamination ‘characteristic or the fresh: * 


ash ià well preserved. : 


.,, Another type of alteration, — in tke sali but per 
confined to thin seams in the lava, consists in an extreme red- © 
 dening of the rock. The red alteration occurs in more or less -’ 


. distinct patches, being. abundant in some small areas, and , 


i » 


nearly or completely absent in adjacent areas. | . 
: Microscopic featurés.—Successive zones, from the unaltered . 
‘cores of joint blocks to the highly altered and bleached ` rims, . 
have, been studied in thin section.. The fresh rock of the cores ' 
is a basalt of a type common at Kilauea. ‘A few phenocrysts 
of olivine, up to.1 mm. long, ånd rare microphenocrysts of : 


plagioclase, up to 0.8 mm. long, he in an intersertal groünd- "n 
` mass with an ayerage grain size rok about 0.05 mm. _ The olivine . 
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phenocrysts | have ü —9V close to 90° E indicating 3 a fayalite 


' content of about 20 per cent. "The groundmass consists of ^. 


labradorite, pigeonite, magnetite, ilmenite, and interstitial glass. 
Ilmenite is more abundant than-magnetite. 'The glass is pale 
brown. where clear, but is generally pis — 'and S opaque 
by abundant iron. ore dust. i 

Even in the cores of the | ‘joint blocks, the: — is largely 
altered around vesicles and any other openings which permit 
-.. the easy movement of gases. In detail; the boundary between . 
the fresh and altered rock i is. gradational, but the transition is ` 


‘completed within a zone about 0. 1 mm. thick. No evidence of ` 


preferential alteration of feldspar or pyroxene is seen. Within: 
the. transition zone grains of” either mineral may- survive | 
imbedded-in altered rock. - Magnetite and ilmenite appear to be 
the least affected of the primary constituents. | . 
| Many of the vesicles i in.the cores of the joint blocks are lined 
. with zeolite, which ‘generally contains many small flakes of 
. muscovite, and a little. clilorite and epidote. ‘Locally 'zoisite, 
` in well formed crystals, is. abundant. At such places the 
| zoisite occurs largely along the edge of the vesicle, passing 
'- inward into.a. mixture of zeolite and muscovite. "The — 
has +2V=60° +,r>0 distinct, and B—1.525 (zx 008). . 
is: probably thompsonite. | 
... "Ihe pale gray zone, A ik unaltered core, is very: 
. largely altered, but the intersertal texture of the original rock 
s still clearly visible in. ordinary light. The feldspar micro- 


: sites are clear and nearly colorless, whereas the areas formerly - 


occupied by pyroxene and glass are grayish-brown and turbid. 


' The’ iron, ore appears.to have been little affected. , It is still- 


present both as small individual grains « of magnétite and ilmen- 
Tte, and as a fine dust in the originally glassy areas, which are 
“hereby made black and opaque in transmitted light. The: 


-_- &esicle linings consist- of zeolite, zoisite, and epidote. The main 


mass of the rock consists. very largely of isotropic ‘opal. Asso- — 
ciated with the opal are: ;many small grains of kaolinite; or a 
related mineral. Rare grains of olivine and pyroxene are still. 
preserved, but the feldspar appears to be entirely destroyed. 
A few former olivine phenocrysts are altered partly to reddish- 
brown limonite and, partly to opal. - ` The texture of the rock 
is 80 perfectly preserved. that it is surprising on TOANE the 
nicols to view an almost totally dark field. "X 
The outermost rims of the joint Blocks, although bleached | 
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almost white, show in thin section little difference from the 
intermediate zones of hght gray color. The rock is largely 
-.opal, with many small grains of kaolinite, or a related mineral. 
The iron ore, particularly the ilmenite, is still largely pre- 
served, although some of the fine dust which was scattered 
‘through the original glass appears to have been removed. The | 
minerals which characteristically line the vesicles in the inner 
zones have not been found in the outer, bleached zone, but 
- instead, crystals of sulfur are commonly present. The rock 
is a little more porous than that of the inner zones, but the 
original texture and structures are still excellently preserved. 

Ash deposits overlying the lavas are altered in a precisely 
similar manner. In their fresh state, the surficial ash beds 
surrounding Kilauea Caldera are largely vitric- -erystal tuffs, 
composed principally of fragments of basaltic glass, in and 
among which are scattered phenocrysts of olivine, and a few 
microlites of labradorite and pyroxene. Lithic lapilli are occa- 
sionally found, and small fragments of pumice, derived from the 
lava fountains at the sources of flows, are quite abundant. 
Like the lavas, the ash at Sulfur Bank is altered to an aggre- 
gate consisting very largely of opal, with a few small grains 
“of kaolinite. Even in the most highly altered material, how- 
ever, the original structure of the ash is clearly preserved. 
Both the forms of mineral fragments and thé characteristic 
arcuate outlines of glass shards can be easily recognized. 
Small lapilli of pumice, and others of intersertal basalt, all 
completely opalized, are readily distinguishable. 

The red alteration in the ash, and in thin seams in the lava, 
produces a soft, powdery substance which consists largely of 
isotropic limonite, with & few flakes of birefringent goethite, 
some kaolinite, and scattered residual grains of the original 
rock-forming minerals. The alteration appears to consist in 
the oxidation and hydration of the iron, leaching of part of the 
alumina and hydration of the remainder, and leaching of most 
or all of the other components. 

Chemical changes.—In 1896, Maxwell collected and analyzed 
specimens of fresh and altered lavas along steaming cracks on 
the caldera floor, and altered lavas at Sulfur Bank.® The 

analyses are incomplete and appear probably unreliable, and 


? Maxwell, Walter: 1898, Lavas and soils of the Hawallan Islands, Investi- 
gations of the Hawaiian Experiment Station and Laboratories, Hawaiian 
Sugar Planters’ Association, pp. 12-18, 18-19, ‘Honolulu. 
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will therefore not be quoted in full. They do, however, demon- 
strate the general nature of the changes involved. ‘The fresh 
lava contained 49 per cent silica, whereas a partly altered 
specimen of the same rock contained more than 55 per cent 
silica, and a still more altered specimen more than 62 per cent. ` 
Of the specimens of the white, altered material from Sulfur 
Bank, one contained 67 per cent silica, and another nearly 76 
per cent. A specimen of the red material contained 44.5 per 
cent ferric oxide, and only 82.5 per cent silica. | a 


CONCLUSIONS. 


Alteration of olivine basalt lava and ash at the — 
at Sulfur Bank and on the eastern edge of Kilauea Caldera has 
produced rocks composed very largely of silica, in the form of 
opal, with a lesser amount of kaolinite. The alteration closely 
resembles that in the areas of acid emanations at Lassen Vol- 
canic National Park,’® Sulfur Banks at Clear Lake, Cali- 
fornia, and Yellowstone National Park." Although the orig-. 
inal rocks differed. widely in composition, being basalts at 
Kilauea, basalts, andesites, and dacites at Mount Lassen, 
andesite at Clear Lake, and rhyolite in Yellowstone Park, the 
products of alteration in all four areas are very similar. At 
Kilauea, labradorite, pyroxene, and olivine are altered with 
approximately equal ease, but magnetite and particularly 


. _ ilmenite are much more resistant, and persist in nearly their 


original amounts even in the most highly altered rocks. Mag- 
netite and ilmenite likewise were found: to be the most resistant 
minerals of basalt under the weakly acid conditions of weather- 
ing which produced certain ceramic clays in high-level swamp - 
areas in Hawaii? 

Olivine-poor basalts of Kilauea, like that which constituted 
the original rock at Sulfur Bank; contain approximately 51 
per cent silica, 18 per cent alumina, ll per cent iron oxide, 
7 to 8 per cent magnesia, 11 per cent lime, 2 per cent soda, 


? Anderson, C. A.: 1985, Alteration of the lavas surrounding the hot 
springs in Lassen Volcanic National Park, Am. Mineralogist, vol. 20, pp. 
240-252. 

3 Anderson, C. A.: 1986, Volcanic history of the Clear Lake area, Califor- 
nia, Geol. Soc. American Bull, vol. 47, 649-651. 

12 Allen, E. T., and Day, A. L.: 1985, Hot Springs ‘of the Yellowstone ” 

National Park, Carnegie, Inst, Washington, Pub. 466, 100-101. l 


" Wentworth, C. K, Wells, R. C, and Allen, V. T.: 1940, Ceramic clay in . 


‘Hawaii, Am. Mineralogist, vol. 25, pp. 1-88. 
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and 0.5 per cent MUS . The opaline róck ES from the... 


-solfataric alteration consiste almost entirely of hydrated silica, 
l with small amounts of iron oxide, ülumina, and potash. Most 
of. the magnesia, lime; ‘and ‘soda, and much of the alumina and ` 
-iron oxide, have been removed. ‘If’ not compensated by other" 
factors, the loss: should entail considerable decrease in volume ` 
‘of the solid portion of the rock, resulting in -either greatly 
increased. porosity ‘or a collapse of the remaining rock. 
Neither has occurred. There has been no collapse, and the 
- increase in porosity is at most only slight: Primary structures 


detail. a — 
Part of the loss has been OR by the addition of 


? and textures are ELEGEDETT preserved, even in BU OrOGSO pue: 


^ water, and the rést is probably largely. compensated by the - 


. decrease of approximately one-third in the specific gravity of > 


_ the material composing the rock. There may, however, . have 
been some addition òf silica by the rising gases. The gases 

. “are known. to transport. at least small amounts of'silica, as is 
shown by the occurrence of opal in some of the open spaces, 
. associated with salts deposited by. the escaping vapors. Opal 


/ 


has been found also in depositional crusts formed along steam- ' 


ing fissures.in the 1919 lava, on the floor of Kilauea Caldera. o 
' Whether the silica was derived by decomposition. of rocks - 


. deeper down along' thé passages of migration, of the rising 
gases, or whether it tepresents' material transported from the: 


underlying. magma body,by the juvenile fraction. of the gases, 


is not known., That the primary gases escaping from. under- : 


. lying’ masses of magma in the Hawaiian province may carry 
with them silica is suggested, however, by the widespread depó- 
' sition of. chalcedony and quartz in open spaces in the lavas 


= "occupying the deeply dissected vent areas a the East Molokai 


.? Volcano, and the Koolau Volcano on Oahu.* - "V 


^ In close contiguity to the above type of alteration, ind con- 


Arasting sharply with it in nature, is another. less prominent 


Pe type in. which silica and most other constituents are removed, - 


“ iron oxide, and to a lesser extent alumina, being. passively con- 


^ centrated. . The difference is probably the result of differing 


concentrations of sulfuric acid. Where: sulfuric acid is strong ` 
"both iron and aluminum are taken into solution, along with | 


4 Stearns, H. T, and Vaksvik, K. N.: 1985, -Géology and ground "water" 


* resources of the island of Oahu, ias Hawaii Div. a Hydrogtapuy, Bull. 
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ES other bases; leaving ; a residnum composed. largely of silica. | 


- Where acidity is low, because. of either dilution or partial or 


complete’ neutralization of the acid, little iron is taken into | 


solution, or iron may be precipitated. !55 Rain water moving 
downward. along cracks may: dilute the acid sufficiently to 
cause precipitation of hydrous iron oxides as films along the 


cracks: Elsewhere, a particularly abundant supply of mete- 


oric water, ór.an unusually small supply of rising acid gases, 
may result in solutions so weakly acid that the iron and part 
of the: aluminum are left behind as hydroús oxides, the other 


constituents being partly or wholly removed as in the lateritic - 


' weathering normal to the wet regions of Hawaii. In these red 
patches the acid is probably of relatively small importance in 
the rock decomposition, but‘ the. high temperature prevalent 
throughout,the solfataric.area greatly accelerates rock decom- 
position as compared to that i in nearby | cold areas. 


" * Allen, E. T.: 1985, quoted in Andersoh, C. A. Alteration of the' lavas 
surrounding the hot springs in Lassen Volcanic National Park, Am. Min- 
eralogist, vol. 20, p. 251. : ; 
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A BRUSH FIRES AND ROCK EXFOLIATION. 
l K. O. EMERY. p 


HE heat of forest fires has been recognized generally-as an 
effective agent in producing rock exfohation (Blackwelder, 
19277), but little mention has been made of brush fires in this 
EE -  eapacity. In the months of November and December, 1948, 
e several square miles of brush and grass land in San Diego 
. County; California, were burned over. In the areas having 
DE thick soils, the maim geological result is probably an increased 
i? rate of erosion by rain wash. On steep hillsides where rock 
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Fig. 1. Exfcliated rock surfaces developed by heat of brush fire. Note. : 
the contrast between the blackened orlginal. rock surface and the white 
patches of. freshly exposed rock. Just to tlie, left of the hammer is a 
boulder with e slightly blackened patch marking the position of a spall 
T broken off during the fire. Rocks in. the foreground show a number of 
— loosened but not completely detached spalls. : 


. l 1 Blackwelder, Eliot: 1927, Fire as an agent of exfoliation: J our. of. EON. , 
l vol. 85, pp. 182-140.  * 
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crops out, exfoliation of rock surfaces was an additional effect. 
This was very marked in an area of quartz diorite near Lake 
Hodges, where the brush consisted chiefly of manzanita and 
sugar bush (Rhus ovata). Spalling exposed large patches 
of the fresh white rock beneath the blackened original surface 
(Fig. 1). Much of the blackened surface also consisted of 
detached spalls which had not yet fallen clear of the rock mass, 
as shown in the foreground of Fig. 1. More than 50 per cent 
of the original surface of many boulders and outcrops was thus 
removed. 

Many of the spalls were roughly circular in shape, but 
most were irregular. Some were as great as two feet in 
diameter. They had a thickness of 4% to 215 inches near the 
center and tapered to sharp edges. Locally, the spalls were 
abundant enough to form sizable piles around the larger bould- 
ers (Fig. 2). However, some spalls lay more than 5 feet 
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Fig. 2. Showing a pile of rock spalls such as commonly present around 
large rock masses. 
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Trim the - ‘closést T rock: mass, indicating: that they were 


“thrown off with considerable force. /— , 


- Many of the freshly exposed surfaces, both of. the rock ul 
the spalls, were slightly blackened, ix! contrast to the very black. 


original surface, indicating that fracturing took place during : 
he fire but evidently in the.later stages. -No evidence of 


chemical weathering was observed on freshly exposed surfaces, 


. while weathering -of the: orginal rock surface was generally 


restricted to a slight cloudiness of tlie feldspar grains. 
Spheroidal shapes are characteristic of quartz diorite out- | 


attached to a few of the:rocks were older but very similar spalls, ` 
suggesting that the spheroidal shapes of the rocks were pili. 
due to previous brush fires; No evidence was found indicat-. 


ing recent splitting of boulders into large fragments along : 
. Planes’ through the center, and thus forming more angular: 
. blocks. Apparently, the heat developed by the fire was suffi- 


cient to affect only the outer surface. 
Since the heat. even of a brush fire can produce extensive 


exfoliation, and since large areas of the west have a brush cover, 

. it seems-not unlikely that a great deal of éxfoliation has resulted’ - 
from brusli fires, with the consequent tendency toward develop- 7 
‘ment of spheroidal rock shapes in a areas. a ur 
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' crops in the region and further development of these shapes | E 
resulted from the exfoltation- by the fire, since the thickest.. 
 Spalls were generally formed at the sharpest corners. Loosely : 


! DISCUSSION. 
^ CON TINENTAL DRIFT, EIN MÄRCHEN . 


In the April number of the — J OURNAL OF RTT. my 
well-balanced colleague, Chester B. Longwell, who leans neither 
- backward nor forward in scientific discussion, analyses the evidence 
for continental drift, adopting what seems.to be a most cautious 
attitude of skepticism. I would like to join him on the fence, but 
‘I cannot. I confess that my reason refuses to consider "continental 


' drift" possible. This position is not assumed on impulse. It is” 


one established by 20 years “of study of the problem of former 


continental connections as presented by Wegener, Taylor, Schuchert, 


du Toit, and others, with a definite purpose of giving due con- 
sideration to every hypothesis which may explain the proven facts. 


But when conclusive negative evidence regarding any hypothesis is. 


available, that hypothesis should, in my judgment, be placed in the 


discard, since further discussion of it merely incumbers the litera- ' 


‘ture and befogs the minds of fellow students. 

It is my firm conviction that the.laws of mechanics and inia 
govern terrestrial structures’ in their developments: and movements, 
. whatever the magnitude of the masses: and forces involved. .Conti- 


nents present no exception. The following i$ a test in point. The. 


original postulate of the theory of Continental Drift is-that South 
America drifted away from Africa to a distance of 2,000 miles at 
a.rate of westward ‘progress -sufficient to push up the Andean 
-mountain chain. .Wegener says (page 8, 8rd ed.) "By the west- 
ward drift of the. two Americas, their anterior margin was folded 

together to form. the mighty range of the Andes as a result of the 
opposition of the well-cooled and therefore. resistant floor of the 
Pacific." Now, it is a well-established principle of mechanics that 
any floating object moving through air, water, or a viscous medium 
creates behind it. a suction of the same. order as the pressure 
. developed in.front of it. This law applies equally to airplanes, 
ships, rafts, and drifting continents (if there are any). The pres- 
"sure which could raise the Andes must, therefore, have been approxi- 
mately equaled by the suction and tension in the rear. Sections of 


f 


the continent must have been sucked off. They should now remain: 


as islands in the Atlantic; ‘but there: ‘are none such. Moreover, if 
such segments had been pulled-off, the eastern outline of South 
" America should not so closely resemble the other- side of the sup- 


posed original fracture... 
". The.close similarity of the two coasts presents us with ihe choice: 


either the laws of. dynamics were ame to — unaltered © 
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the rear outline of the ‘drifting continent or the continent did not. 
drift. 


Any engineer, confronted with the task of movie a continent, 
might well inquire by what force? Wegener suggested two: a 
tendency from the poles toward the equator and a “westward drift." 
The'former is quite inadequate and should have been satisfied in 
early stages of adjustment, a thousand million ‘years before the 
suppositious displacement, if ever. The second he merely infers, 
saying: “The westward drift of the continent becomes still clearer 
by a study of the map of the world. The large blocks move west- 
wards in the sima." He does not say why (pages 191-192) 
Du Toit frankly faces the problem, but leaves it unanswered. 
Referring to the assumed break up of the hypothetical Gondwana 
continent he says: "The precise mechanism is not readily visual- 
ized." After assuming the extension of rift valleys into the con- 
tinental mass, he remarks that "sliding began;" he does not, how- 
ever, explain the conditions producing sliding, but concludes: "The: 
dispersion of the continental fragments must have been a highly 
complicated business and not one lending itself to full mathematical 
analysis." This is begging the question. In general the attitude 
of advocates of the Theory is that since continents did drift there 
must have been some competent mechanism of some kind. ' 

Fellow scientists who are not geologists cannot be expected to 
know that the geology upon which protagonists of the Theory rest 
assumptions is as antiquated as pre-Curie physics. Wegener and. 
his successors are disciples of Edouard Suess, the Master of Euro- 
pean geologists. I knew him well: a charming, genial German, 
who never traveled far, but assembled the observations of others. 
and from them constructed speculations regarding the face of the 


Earth. His reading was prodigious, his memory, marvelous, his 


imagination grand; but he gravely lacked critical faculty. And 
when some airy concept had grown in his mind, it became too — 
rooted ever to be dislodged. 

Such a concept was Gondwana Land, the continent supposed to 
have extended from the East Indies westward to the Pacific, 
embracing India, Africa, and South America and occupying the 
sites of the Indian and South Atlantic oceans. It had no actual 
extstence. It was conceived to account for the transoceanic migra- 
tions of plants and terrestrial organisms, the identical line of 


‘reasoning of the argument for Continental Drift. In Suess’s imagi- 


nation, it was a reality; but there is no reality, no geologic fact to”, 
demonstrate the one time existence of such a mass as it would need 
to have been. 

Charles Schuchert, our great paleontologist, was also a disciple 
of Suess and believed in Gondwana Land till convinced on the 
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evidence of modern geologic research that no such expanse of con-. 
tinental nature could have existed and have so completely disap- 
peared. He eventually modified its outlines to those of a narrow 
land bridge or bridges, as stated in his paper, Gondwana Land 
Bridges, 1982. 

Wegener followed Suess in the assumption that the Pacific is 
older than the Atlantic and'upon that postulate based the concept 
that it had cooled further and become stiffer. Therefore it offered 
the resistance that stopped South America and folded up the Andes. 
This is mere wishful thinking. No one knows which of the two 
ocean basins is older; they may be moré or less contemporaneous. 
But it is known that there was pronounced activity in and around 
the Pacific basin during the late Mesozoic and Tertiary eras, at 
the time when drifting South America should have been stopped 
by the congealed ocean bed. And it is also-true that similar activity 
‘in the Atlantic realm had ceased more than 100 million iin earlier. . 
The facts are just the reverse of the postulates., 

Furthermore, the assumption regarding a deep ——— mass 
or block is erroneous. Wegener wrote (p. 4): "It is assumed that 
the continental blocks, with a thickness of about 100 km., swim in 
a magma out of which they only project about 5 km., and which 
is uncovered in the floor of the oceans." It is now known on seis- 
mological evidence that the granite of which continents chiefly con- 
sist has been erupted in a number of more or less contiguous bodies, 
at different times, some of them quite recently. The molten granite 
has come up from and rests on top of a general basaltic shell, and 
varies from 8 to 30 kilomezers, more or less, in thickness. It may 
be described as a scum, like slag as it were. It completely lacks 
" the unity, the solidity of a “block.” It could not drift except as 
flotsam in a current of the basaltic sima, which according to 
hypothesis and in fact did not flow. - 

Thus the theory of continental drift is a fairy tale, ein Múrchen. 
It is a fascinating fancy which has captured imaginations. It is 
one of a long line: Wernez’s hypothesis of the sedimentary origin 
of all rocks by precipitation from a universal ocean, which the 
‘charm of his personality and the force of his conviction maintained 
for forty years; Suess’s pure assumption that there is no force 
stronger than gravity and any broad uplift of a part of the earth’s 
crust an impossibility, which was disproved when W. M. Davis 
demonstrated the uplift of central Asia on physiographic evidence 
that is now beyond dispute; Lugeon’s concept of the nappes de 
recouvrement by which the Alps were piled up to 40,000’, which 
was based on assumed simplicity of pressures and mistaken- postu- 
lates of folding in lieu of shearing. They challenge by their 
stupendous appeal to the imagination and by the implication that 
there is no other explanation. 
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In iie: case of Wegener 8 Pdo I think there i is. "The biological, ` 
- botanical evidence of migrations by laid where no land now .is : 
must be accepted as conclusive. But what is land?. Let us define ` 
it asian area of the earth's surface which stands at present above _. 
-. gea level, or which ‘in somè former age was land when it so stood. 
For dynamic reasons areas of granite commonly rise to that position; 
: ` but the lifting force must develop beneath them and may gles 
“well develop beneath an area of the`basaltic ocean bed. — - 
` Is the relation to ‘sea level a permanent condition? There is; 
, abundant evidénce in marine fossils. raised to high altitudes and also 
' in sediments piled to thicknesses of thousands of feet on subsided 
' -lands that it, is’ not. We may recur to the fact of ‘the eighteen , 
thousand foot uplift of Tibet during the latest geologic’ epochs as ‘+ 
proof of local increase of the earth’ s radius; an increase which on .. 
. ` the evidence of gravity measurements is not due to added mass and ` 
must be attributed to augmented volume, that is,to expansion; as ` 
'., of rising dough. "William Bowie, the isostasist, cogently- called the n 
` attention of geologists to the importance of, ehanges of level attribut- . 
able to changes of Volume. 
The causes of volume change beneath the crust are ‘obscure, l 
because we cannot measure the conditions or obsèrve the effects in^ 
. the laboratory of the arth.. It is not merely that we cannot dig 
- to such depths; the changes are.so infinitely slow;.a million years: d 
or ten millions being required for any marked change. But recent: 
..,, advances in geologic knowledge furnish some significant points - 
: regarding. the processes at work beneath our feet. 

E It is established that the outer crust of the earth is a mosaic 
"of relatively small erupted bodies; chiefly basaltic, partly. granitic, i 
which have been extruded in a molten condition at various times 

. during. the past two billion yéars and down to times so recent that 
^. the latest masses are probably still molten a few’ miles below ‘the 
'  ' crystallized crust. Also it is known that these small molten bodies ©. * 
. have been extruded. from e solid shell 1800 miles thick, in which 
. they presumebly devélop by melting, in consequencé of the local 
generation of heat by disintegration of radioactive minérals. In 
the" process of melting such a body expands and also generates: 
. ' gases, such as escape ‘from volcanoes: The direction ‘of least ` 
resistance is upward and the volume change must express itself by - 
raising the overlying crust; as in simmering mush, The rate of 
¿ c^ heating is excessively slow; that of cooling by escape of gases and 
. ^  :evenfually by outflow of lavas becomes relatively more rapid, but. |. 
is still geologically slow. The heating should result in uplift, the 
- + cooling in subsidence. of local areas of the crust, a hundréd to Bev- . 
^ eral hundred miles in.diameter over the subterranean bodies. 
x Prof: Douglas Campbell of Stanford has recently called attention 
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to othe. SERE nesses that are found iù the- floras. of Havali 


‘the islands of Oceanica, Australia, and South America. He proves 
beyond question that there have ‘been land connections - between 


sought to trace the ‘connections as mountain ranges, as I did when | 
codperating with Charles Schuchert on the similar problem of, 


Permian time. The concept of isthinian links appeared sound, 
biologically, dynamically, and climatologically, as tested by the 
geographical requirements of the case. It does not, however, fit 
. the Pacific conditions; except perhaps to link the. Antarctic conti- 
‘nent with Australia and South America. The connections in 


- Oceanica are too broad and too complex to be explained by mountain 


ridges. The alternative assumption of uplift, followed by subsi- 
dence of the ocean bed, of the emergence of lands which have now 
subsided beneath the waters'is more reasonable. That it contradicts 


` certain preconceptions of mine regarding the permanent levels of 


continents and océan beds. does not affect the evidence. In the 
Philippines the Manila basin is a subsiding area. It is sur- 
rounded by volcanoes from which lavas' are erupted and gases 
are constantly escaping. 1 attribute the subsidence to these con- 
ditions in a cooling mass a hundred miles.in diameter. Closely 
adjacent lies the similar area of the;Sibuyan sea, where raised 
coral reefs demonstrate. active uplift, I consider the uplift to be 


. due to increase of volume of a subjacent body in which the temper- 


ature is rising.. Similar conditions on a larger or smaller scale are 


ag widespread throughout the Southwestern Pacific. To them I would 


) 


B! 


attribute the formér expanse of land Which -once bore the now 


dispersed foras' and also its' disappearance beneath. the waters. 
The average depth of the, Pacific, 4,000 to 5,000 meters; is not 


excessive in comparison with Snow. uplifts dnd subsidences in 


continental areas. A BAILEY WILLIS, 
U. S. Coast AND Giese C E l 
; WASHINGTON, D. C. ZO det 
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' these. now widely separated districts. At one time I would have. 


i identity of terrestrial organisms in África and South America in: 
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| DISCUSSION. | 
| FURTHER DISCUSSION OF CONTINENTAL DRIFT. 


I may say—in a modification of Professor Willis’ own phrase- 
ology—that I should like to join him in believing the vexed question 
of continental.drift can be settled now, once for all. In my view, 
however, the issue is not as simple as he represents it. No better 
test than the one he próposes could be chosen to illustrate the diff- 
culty of passing summary judgment. The principle of mechanics ` 
- that demands suction in the rear of a floating object applies if the 
object is driven by an independent force through the medium; the 
principle has no relation to objects that float passively on a broad 
current in the medium itself. Thus the test suggests an objection 
to the particular mechanism proposed by Wegener, a mechanism 
which in any case fails much more convincingly under quantitative 
evaluation of the forces he invoked (Jeffreys, 1929). The test 
“has no validity, however, in an appraisal of convection currents as 
a possible mechanism of continental displacement (Holmes, 1938)— 
a suggestion that has received serious consideration from competent 
geophysicists. This hypothesis of convection currents may be — 
attacked in its turn, by use of tests other than the suction principle. 
However, even if convection could be ruled, out, other suggested 
answers would confront the test which Professor Willis views as 
conclusive. For example, some proponents of the drift hypothesis 
hold that the striking résemblance of opposed shorelines in South 
America and Africa is purely .coincidental; that actual edges of 
the displaced blocks, concealed by the Atlantic on the continental 
shelves, show no such close similarity. These proponents would 
say that fragments probably were detached, and that they now : 
form the shoaler parts of the South Atlantic floor; it is not a 
necessary assumption that such fragments would now stand above 
sealevel as islands—and there are at least the Falklands. We may 
therefore continue Professor Willis’ analogy of fairyland by com- 
menting that he has struck off the head of a monster, only to reveal 
it as a Hydra which still has several vigorous heads to spare. 

In somewhat more serious vein, we may liken the problem of 
diastrophism to a mathematical equation in which essential terms 
are missing on both sides. On the right side of the equation we 
set down known effects as revealed in rock deformation and crustal ` 
movements. Any such statement is incomplete; for example, we 
lack important information on the depth to which deformation 
extends, and on the amount and the nature of horizontal shift of 
crustal blocks. We are especially in ignorance, however, about the , 
left side of the equation, in which should appear the causes of 
diastrophism. It would be gratifying to know the important items 
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that certainly belong in that.part of the equation, even if 'coeffi-, 
cients, exponents, and signs required for a quantitative expression 
remained lacking. Actually, we are still groping for even a quali- 
tative expression that satisfies. If heat is the ultimate source of 
the required energy, by. what means is it converted into’ work? 
Does gravity play a part, and if so by what mechanism? Bold 
spirits among us assume terms and values, but no convincing results 
haye been offered thus far. Some of the assumptions appear irra- 
. tional to many of us, but who can presume to set the exact limits 
of rationality? Any present approach to the problem must involve 
large-scale speculation, and even "outrageous" hypotheses should 
receive consideration, since the true solution, if it could become 
suddenly available, might well outrage some of our preconceptions. 

Therefore I am not ready to brand as a fairytale the entire - 
concept of displaced continents, although some published versions 
of the supposed evidence and mechanism must take higher rank as 
imaginative writings than as scientific treatises. Several conspic- 
uous weaknesses characterize leading contributions of protagonists. 
There is a tendency to make extravagant claims by representing 
evidence as compelling when it is at best only suggestive; facts 
unfavorable to the hypothesis are ignored or dismissed lightly; 
data from one part of the world are seized upon as significant 
without consideration of the world-wide implications; vague sug- 
gestions that could be analyzed and in some cases eliminated by 
the authors are left in an undigested state to confuse and even 
mislead readers. Some examples of these defects were mentioned 
in my earlier discussion (Amer. Jour. Sci., April, 1944). Problems 
of plant-distribution in the Pacific basin, discussed in that article 
and now cited by Professor Willis also, cannot be solved by any 
scheme of continental drift thus far offered, although similar prob- 
lems elsewhere are listed among the chief arguments for the drift 
hypothesis. - 

It i$ not difficult to refute some of the arguments offered for 
continental drift, and to show that even the best arguments are 
inconclusive. However, the goal of scientific endeavor is to learn 
the truths of Nature and not to win debates. Until we can establish 
an explenation of diastrophism that excludes the possibility of 
migrant continents, the hypothesis will have value at least as a 
stimulant, and as a constant reminder of the long road ahead in 
pursuit of this fundamental geologic secret. 

:Wozxs Crrep. 
Holmes, Arthur: 1988, The thermal history of the earth.. Jour. Wash. 
Acad. Scl. Vol. 28, pp. 169-195. 

Jeffreys, Harold: 1929, The earth, p. 804. 
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` Elėctrorńic Interpretations of Organic Chemistry; by ALD Epwanp l 


ner. Pp. v, 474, New York and London, 1948 (John Wiley €. 


Sons, $4.50).—The book opens with a brief historical introduction + 


'to theories of chemical affinity, discussing first pre-electronic theories ' 


: (Chapter I) and then the electronic theory and its early Aplicar. f 


tions to. problems of organic reactivity (Chapter II), and molecular 


Structure (Chapter. III).. The Author then proceeds: to gather.  ' 


together certain modern contributions from physical chemistry and 
to. fuse’ them with the. electronic theories of organic chemistry, 
“+ obtaining in. the process a set of “basic principles." "These are 
`- designed to. help" the -organie chemist to understand and predict the 


effects of structural and environmental changes upon. the courses ` 


and mechanisms of reactions. In Chapter V. the electronic theory . 


. of the English school is reviewed in a most clear and' Du mE 


manner. This is. then amplified and interpreted . in the light of: 


_ the resonance concept and of ‘other contributions from chemical 
|. physics (Chapter VI).. In Chapter VII the development of kinetic .- 


theories is reviewed, and :the modern viewpoint is used in examining 
and clarifying some, of the basic principles of the electronic theory. 
.Oxidation-reduction reactions are dealt with in Chapters IV and | 
IE Electron-pairing: reactions in which each reactant contributes - 


¿one electron to the new bond, and electron-sharing reactions, in . 


Pu one reactant (ionic or not) shares ' a pair of electrohs with 
another, are discussed in Chapters. IX and XI. The róle of the sol- ' 
vent in influencing reactions, and in relation to electronic theories 
‘is surveyed in Chapter X, one of the most interesting in the book. 


An interesting and most useful featuré of the book is the collec- `- 


tion of six chapters in an Appendix. , These chapters give ‘a clear, 


: “modern exposition of such fundamental - ‘subjects. as the theory of 


atomic and molecular structure . (I), refractivity and chemical, con- 


stitution (II), dipole moments (III), and background for the study . 
of nonaqueous solutions (IV). The “basic. principles”. derived dui- . 
ing the course of the text are gathered together for ready reference ji 


in V and a table of the symbols used in the text is given in VI. 
This book should find a place in the. personal libraries of insi 


makes his ‘book a pleasure to read. In his Preface the hor. says 
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organic chemists. Professor Remick has not only gathered together / 
a great deal of. related and useful material and reduced it to rea- ^ " 
‘ sonable order but he sets it down -clearly and in a manner which, 
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^n a is intended that this book shall serve the dual purpose of” a 


y review and an advanced text-book.” In the opinion of this Reviewer. e 


he has admirably succeeded in this intention, 
The book is remarkably free from misprints and the e is clear. _ 
| i ^ HAROLD G. CASSIDY, 


t 


Emulsion Technology, 1 Theoretical and — by W. R. ATEIN, 


' ¿et al. éditors. Pp. xi, 290; a few figures. Brooklyn, N. Y., 1948 


. (Thè Chemical Publishing. Co., $5.00).— This book is a collection 
of papers presented at a symposium of the British Section of the 
International Society of Leather Trades’ Chemists with some addi- 
tions by. American authorities. It is a very practical book and . 
includes formulations, manufacturing methods, machinery for and 
properties of ‘various industrial emulsions. 

+ Agricultural sprays, food. emulsions, paints, rubber latex, asphal- - 
tic emulsions, and those used in the wool textile and leather trades 
are considered in-some detail. The book should be of considerable 
value to those undertaking a new venture in this field, but it is of, ' 


i less interest to those concerned with theoretical considerations. 


` -HARDING BLISS. 
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Geological expedition of the — of Amsterdam to the — x 


Sunda Islands under the leadership: of Professor H. A. Brouwer. 
Vol. 1, pp. 848, 5 maps, 68 text figs., 20 pls. New York, 1940. 
(Nordeman Publishing Co., $8.40).—In spite of extensive publi- 
. cations on the Permian and Triassic faunas ‘of Timor, the geology - 
of this'outermost island of the Sunda group is still but little known. - 
The amazingly rich Permian faunas previously described in Paleon- 
tologie von Timor and in the reports of the Second Netherlands 
Timor Expedition were collected from small disconnected outcrops . 
.of beds that are highly deformed and now poorly exposed.- As a 
_ result, the stratigraphy has never been worked out and no geologic 
map of the island is available. . j 

Professor’ Brouwer’s expedition - of 1987 with a group of students 


` „has made a most welcome beginning toward a detailed study of 


this fascinating island. The present volume includes four distinct 

papers two of which are devoted. to the geology and. two to 
paleontology. 

^ The first part; by D. Mappeibeck, describes the structure and 


E stratigraphy of the Mollo Range and adjacent country in the heart 


of the western (or. Netherland). half of the island, and is written - 
' in German., The second part, by A. L. Simons, discusses tlie geol- 
ogy. of.an area in the extreme northeast corner of. Netherland Timor, - 
and is written in English. Part — by J. Wanner, is devoted to 
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the "hsstoids which constitute such a surprising and distinctive 
, element in thé Permian faunas of Timor. Beside describing several 
new species and two new genera, Doctor Wanner proposes a new 
systematic arrangement for the blastoids of the world, and sets up 
five new families. The fourth part, by F. A. H. W. deMarez 
Oyens, is devoted to the Permian crinoids from the region about 
Basleo, describing two new genera and thirteen new species and 
redescribing many others. Both paleontological papers are written 
` in German and their illustrations are excellent. 

Doctor Tappenbeck shows that the major structure of the island 
is geanticlinal and has resulted from a long series of crustal defor- 
mations ranging from Paleozoic to mid-Cenozoic dates. The highest 
part of the ranges that form the longitudinal axis of Timor con- 
‘sists of a core of crystalline schists presumably of Paleoxoic age 
but obviously older than the richy fossiliferous Permian rocks of the 
island. The flanks of the Mollo Range are forméd largely of 
Mesozoic beds in two series, the older largely Triassic (but includ- 
ing Permian) and the younger largely Cretaceous. The structure 
is complicated by strong folding as well as faulting, and the strat- 
igraphy is further complicated by local differences of facies. rang- 
ing from immense limestone reefs to fine grained and, supposed 
‘bathyal clays. Volcanic rocks are also associated with Permian 
and Triassic strata as well-as with Cenozoic beds. 

Descriptions and detailed maps by Simons of the northeastern 
part of Netherlands Timor and by Oyens of the region about Basleo, 
emphasize the complexity. Outcrops are found chiefly along the’ 
streams and are relatively -small and discontinuous so that the 
stratigraphic relations of one to the next commonly cannot be deter- 
mined. This will explain the fact, so distressing to students of the 
Permian faunas, that the several paleontologic monographs on the 
fossils of Timor give almost no stratigraphic data and no basis for 
an analysis of the association of different groups of fossils such as 
fusulines, ammonites, blastoids, and crinoids. It is still impossible 
to check the stratigraphic implications of one group of fossils 
against another, and even the succession of the four series of the 
Permian rocks of Timor, now so widely recognized, rests entirely 
upon a faunal rather than a stratigraphic basis. 

,Usefulness of the present volume would have been id by a 
key map showing the relation of the several regions here treated 
‘in detail to the island as a whole. For American geologists there 
is still urgent need of a large scale geographic map of Timor show- 
ing place names that are used in the extensive paleontological 
literature. ' CARL O. DUNBAR. 


The Cretaceous Rocks of South India: by L. Rama Rao. Luck- 
now University Studies, No. XVII. Pp. iv, 78, 4 text figs., 1942.— 
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This small volume contains the substance of two lectures delivered 
by Doctor Rao at the University of Lucknow in 1941. It gives a 
clear, summary account of the Cretaceous rocks that crop out in 
the coastal belt along the southern half of the east coast of India; 
The Cretaceous rocks of this region are divided into four groups 
and range in age from Cenomanian to Danian, thus representing 
much of the Upper Cretaceous system. They are chiefly sublit- 
toral, very shallow water deposits, including conglomerates at sev- 
eral horizons. "There is & zone of coral reefs near the base and 
another higher in the system. Locally there are deposits of gypsum 
and selenite and of phosphatic nodules. Next to the uppermost 
group may be non-marine for, instead of marine fossils, it has 
recently yielded a variety of dinosaur remains including sauropods. 
: CARL O. DUNBAR. 
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Foundations of Plant Geography; by STANLEY A. Cain. Pp. xiv, 
556; 68 text figs. New York and London, 1944 (Harper and 
Brothers, $5.00). l 

An Introduction to Historical Plant Geography; by E. V. WULFF, 
translated by Elisabeth Brissenden. Pp. xi, 228; 85 text figs. 
. Waltham, Massachusetts, 1948 (Chronica Botanica Co., $4.75).—A 
study of plant- distribution has two aspects, one descriptive and 
analytical, the other philosophical and interpretive. Descriptive 
plant geography attempts to record the distribution of plant species 
and analyse plant associations in communities of greater and lesser 
ranks; interpretive plant geography seeks to explain this distri- 
bution. i 

Doctor Cain points out that many different fields of science may 
contribute to such interpretation and he attempts to review and 
synthesize all the principles that can be deduced from these bor- 
derline fields. His volume thus constitutes "an inquiry into the 
foundations of plant geography." In addition to plant morphology 
and physiology, he finds that such widely different disciplines as 
cytology, ecology, genetics, systematics, climatology, geology, and 
paleontology are all involved, and he has undertaken “to cut the 
hedgerows between these fields of science, and to discover, * * * 
some of the significance which one field has for another." 

The introduction to Doctor Cain’s work discusses the borderline 
relations of plant geography, and marshals, in outline form, the 
chief principles used in the interpretation of the phenomena of 
plant distribution, following this by a brief discussion of each in 
turn. Succeeding chapters treat in more detail some of the prin- 
ciples that have thus been set in perspective in the introduction. 

This volume is not intended for elmentary students or the lay- 
man—the discussion maintains a high level of abstraction ‘and 


, 
SN + 


520 0° | 


—— 


tributions in the geologic past. 
concept of floral elements. . PS 
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as specialists in borderline fields, will find it indispensable as the 
only comprehensive synthesis of this kind, and they will be grateful. 
that} notwithstanding its highly technical. character, : Doctor Cain: 


Doctor Wulff, a. distinguished Russian paleobotanist, Pu — 


"a somewhat different viewpoint and did.not so sharply separate the' 
- ‘descriptive’ from the interpretive aspects of plant geography. In - 


his words, “Historical plant geography has as.its aim the study of 


the distribution of species of plants now existing and, on the basis ' 
+ of their present and past areas, the elucidation of the origin P 
'.. history of development of floras, which, in turn, gives us a key to ' 
— an understanding’ of the earth’s history.” 


Scientific Intelligence: viis 4 . E 


EUM the highly: téchnical: jargon of ‘several specialized, disci- E 
, plines—but advanced students and professional botanists, as well - 


., has organized and presented it so clearly and effectively. The z 

e preface .and uncommonly -gracious acknowledgments suggest what 
delightful reading the author could make of less technical Bnet 

> matter. 2 z A 1 v s 


Doctor. Wulff recognizes the. interrelation of plant geography ind 


-other disciplines such as paleobotany, taxonomy, paleogeography, 


paleoclimatology, and historical geology, and discusses these rela- 
tions briefly in Chapter I. In Chapter II he gives: a historical 


l review of the. growth of the science of plant geography. Chapter 


III is devoted.to a description and analysis of areas; Chapter IV © 
discusses the origin of areas; and Chapter V analyzes different. 


., types of aréas. Chapter VI treats of parallelism in the geographical 
/.' distribution of, plants and animals and correlation between the dis- 
» tribution of parasites and that of their plant hosts. The influence 


of man on plant distribution is discussed in Chapter VII, and Chap- 
ter VIII is concerned with natural means of plant dispersal such: 


,88 winds and water currents. Migrations are discusssed in Chap-. 
ter IX. Having shown that in many instances present distribu-- 


tion cannot be accounted for on the basis of existing factors, he 
shows in Chapter X the importance of inheritances from other dis- 
The final chapter is devoted to the 


CARL 0. DUNBAR. 
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LITHOLOGY OF THE KENNEBEC j 
VALLEY ESKER. 2m 


J OSEPH M. TREFETHEN : AND — 
. HELEN B. TREFETHEN. 


ABSTRACT. Àn investigation of. the lithology of the Kennebec Valley 
Esker, Maine, shows that the bulk of the material, both fine and -coarse 
fragments, is serra ia d of local SEE | 


E I 
IN TRODUCTION. 


¿NE of the problems of: eskérs 1 is tlie origin of the, compo- 
nent rock fragments. ` Among the questions raised are 
these: Is esker material ehiefly of local- origin or has it been ` 

^ carried considerable distances? What are the relative propor- ` 
tons of immediately local rock types and more distantly 
derived fragments? . How far is the'bulk of the material trans- 
ported? In attempt to answer these questions a study was 
made of one particular Maine esker. system. Effort was also 
máde to determine the difference in amount of transportation 
of thé fine and the coarse fractions. 


" 1 
i — 
s 


, THE KENNEBEC VALLEY ESKER. 

The esker chosen for this- investigation. 4s shown on the map 
(Fig. 1). It begins in Hartland township and extends south- 
: erly at least as far as the town-of Dresden, a distance of about 
fifty miles. . The esker ridge is not continuous throughout this 
distance, but, as shown on the map, consists of a series of ridges. 
From Fairfield to the south the segments are shorter, and the 
continuity of the esker more broken. The average relief of 
the esker is from twenty to forty feet. Feostly however, relief 
amounts to more than seventy feet. 


! 


LITHOLOGY. 


Country Rock. ‘The esker rests ‘on — at its northerá 
end. South of the graxite it lies on a quartzite and schist 
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area, the northern part of which, adjacent to the granite, con- 
tains numerous patches of granite intrusion. This formation 
becomes shaly toward the south. South-of this transition zone, 

, the esker extends over an area underlain by the Waterville 
shale, which has interbedded quartzite and minor limestone 
_ layers. South of Waterville it crosses interbedded shaly slates 
and schists. Just north of Augusta it enters a terrain under- 
lain by schists and interbanded gneisses. South of Augusta it 
passes between the granite hills of the Hallowell batholith and | 
continues to the south' over schists and gneisses which are 
increasingly injected by granites and pegmatite in that direc- 
tion. ‘The relations of the esker to the underlying bedrock are | 
shown in Fig. 1. 

Gravel and Sand. Pebble zonali were taken in gravel pits 
at intervals of two to four miles along the course of the esker. 
The counts consisted of two hundred pebbles picked up at 
random in each pit. : The size of the pebbles varied from one- 
half inch to three inches in diameter. < 

Sand samples were diso obtained and counts made in the sand 
and granule sizes. Each sand sample was put through a set 
. Of screens of sizes 8, 14 and 28 mesh to the inch. One hundred 

grains of the material retained on each, taken at random, were 
^. classified. From the finer sizes little information as to origin 
was Obtained. In the northernmost counts, where the esker, 
hes near the granite batholith, granite constitutes about 80 
;per cent of the count, both large and small sizes. Approxi- 
mately eight miles.south of the main granite mass, the granite 
count is decreased to 10 per cent for fine sizes, while in the 
larger sizes granite is fairly high, 20 per cent. An average of 
about 6 per cent granite persists in the counts throughout the 
schist and shale area. It is not certain how much of this is far 


transported and how much comes from small intrusions which . 


occur throughout this section. 

The shale enters the samples to a marked degree within five 
miles of the area where it constitutes a considerable quantity of 
the country rock. In the center of the shale and quartzite 
area, shale constitutes about 20 per cent with the local quartz- 
ite averaging about 60 per.cent in the pebble counts. In the 
finer sizes, shale. and quartzite are about 40 per cent and 50 
per cent respectively. ‘This change in proportions is natural 
as the shale, weaker than the quartzite, was mote susceptible - 
to glacial — In. the area of schists and slaty shales 
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south. of Waterville, schist ċonstitutes about 40 per cent and 
shale 84 per cent for the smaller sizes. - Here the schist is the 
softer rock. The larger sizes show 85 per cent shale and 15- 
per cent schist. The count for rotten rock was unusually high, 
‘about 20 per cent. MMost' of the pebbles classified as rotten 
rock were schist. 

The schist count increases to the south as the schist area 
near Augusta is reached. In the large sizes, shale particles 
decreased to about 5 per cent, with an increase to 40 per cent 
schist and 8 per cent rotten schist. In the same count, the fine 
sizes show 80 per cent shale, but in Augusta this high percent- 
age falls off to no shale in the pebble size and to only about 6 
per cent in the small size. 

There is a rapid and large increase of granite almost as soon 
ag the esker enters the Hállowell granite area, so that inside of ' 
six miles it has increased from 6 per cent to 85 per cent in 
the smaller sizes and a corresponding increase for the large 
sizes. Within the area, the granite content increases to 46 
per cent with the surrounding schist constituting 43 per cent. 
From here on mica gneiss, the principal country rock, makes up 
an average of 85 per cent of the samples in all sizes. Some 
schist 18 present also, but this decreases markedly four miles 
south of the principal schist zone. 

In addrtion to the studies of materials just discussed, heavy 
mineral separations were made from the sands in an attempt to 
get an estimate of the extent of transportation of the fine 
material. Twenty gram portions of each sand sample, screened | 
through the 60 mesh screen, were run through acetylene tetra- 
bromide to recover the heavy minerals. In addition, samples ' 
of the different types of country rock crossed by the esker were 
crushed and run through the heavy liquid in order to compare 
the heavy minerals of the esker sands with those of the adjacent 
country rock. 

The Heaoy Minerals. The study of the — minerals gave 
no positive information as to the length of transportation. 
"Throughout the course of the esker from which samples were 
taken, the sand contains a large amount of heavy minerals. 
The principal minerals are garnet, magnetite, hornblende and 
tourmaline, with lesser amounts of pyrite, ilmenite, zircon, 
apatite and augite. The same general mineral assemblage per- 
sists through all the samples. Pyrite is present in only a few 
cases where the sample was taken from near pyritiferous schists 
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and shales. ‘This mineral, however, was not carried far beyond 


the: source. 


In general, the minerals are those found in “granites, gneisses . 
and schists, and come from fragments of. these rocks present in 


the sand and gravel. The shales are very poor in heavy min- 


, erals with nothing diagnostic except possibly the pyrite. Fur- 
thermore, the heavy minerals of the granite and schist of the 


— - 


` . northern area are similar to those in the southern section. It 
 - may be that these intrusions are genetically related, a possi- ` 
bility hitherto not given consideration. For these reasons it 


cannot be definitely stated that the heavy minerals are trens- 


. ported from one end of the esker system to the other. The 


percentage of heavy minerals in the.sand shows an incrase when 


ait enters the southern granite-gneiss area after passing through 


the shale and quartzite. Here again the influence of local 


material is marked. ‘The decrease in the percentage of heavy. 


minerals before reaching the southern granite area is due to 
the decrease of malterial derived from the crystalline rocks in 


‘the.sand and gravel. 
.. "The heavy minerals show some — of rounding, but not. 
: enough. to indicate extensive transportation. Subangular freg- 


ments dominate, numerous angular — Are.present, well 
rounded grains are rare. 
In order to get more definite information as to the extent of 


transportation of the heavy minerals, it would be necessary to 
_ take samples from an esker which crossed rocks with different 


heavy mineral assemblages in each. At the outset of this 
investigation it was believed that this might be the case for 
the Kennebec Valley esker. 


DISCUSSION, 
Due to the similarity of some of the formations in this part 


of the State, it is difficult to tell how far many of the pebbles . 


have been carried. It seems safe to say, however; that not 
over 5 per cent, and in some of the counts less, is of more dis- 


tant origin than 50 miles. Obviously the character of the. 


rock is a factor in the distance of transportation. In general, 


the majorrty of the minerals has been transported for distances 
of three to eight miles, hence is principally of local origin. 
' The larger sizes of the material tend to break as they are 


^ carried. Fragmentation thus increases the proportion of sand 
sizes of-a lithologic type near the contacts. Because of vary- - 


y 
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ing stream competency the larger sizes tended to drop out 
earlier than the small. Thus the finer sizes have a wider range 
of distribution than the larger. 
^ The results of this investigation are in essential agreement 
with earlier studies on the transportation of. esker materials, 
both in the United States and Finland. For purposes of com- 
parison with these present findings, some results of earlier 
researches along similar lines.are of interest. 

Davis (1892, pp. 477-499) found that the material in the 
Newton-Auburndale esker in Massachusetts was derived from 
two to four miles of its present location. 

Stone (1899, p. 482) observed that material enters the com-- 
position of esker within less than a mile of the outcrop. He 
also noted that in some large eskers, as the Katahdin esker, 
material seemed to be transported. farther.than in smaller 
eskers. 

Alden (1918, p. 287) in his work on the Wisconsin eskers 
determined that 91.5 per cent was derived from the local rock 
and 8.5 per cent was foreign. 

Aaro Hellaakoski (1980, pp. 1-41) made a study of the 
transportation of materials in the esker of Laitila, located in 
southwest Finland. This was an excellent location for such a 
study because the esker crosses the Rapakivi granite for 27 km. 
. with the older. rocks on either side. He concluded that the 

. majority of the esker material was transported five to eight 
km. (about three to five miles). from the source in the bed rock. 
The material from an outcrop appeared in the esker at about 
. that distance from the contact, increases in amount, and then 
the decrease is rapid at the same distance on the other side 
of contact. He concluded, “The overwhelmingly greater part 
of the esker material is derived from nearby sources.” His 
results indicate somewhat less transportation than those for 
the Kennebec. Valley esker. 

Reference to the map (Fig. 1) brings out- another problem. 
It wil be seen that the esker passes between. the granite out- 
crops of the Hallowell batholith but, itself, rests on schists, 
which, separate the granite exposures east of the Kennebec 
River, from those west of the river.” How then does the granite 
from these lateral &reas become.so quickly incorporated into 
the stratified drift?  Prest (1917-18, pp. 871-98) has sug- 
gested that eskers are a result of lateral movements of the ice 
towards the esker ridges. Marginal troughs have been cited 
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Fig. 1. The Kennebec Valley Esker in Relation to the Bed-rock. (After 
Preliminary Geologic Map of Maine, Ed. of 1988, Maine Geol. Survey, and 
. Glacial Geology of Maine by E. H. Perkins.) 
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as evidence of such lateral shove. No striations indicating 
such movement have come-to the writers’ attention, and inas- 
much as eskers are among the last deposits of glacial origin 
such striations should be found, locally, at least. If the ice 
sheet were essentially stagnant at the time of esker building, 
as seems reasonable, the above theory is inapplicable. 

Another possibility, accounting for the transportation of 
materials from the lateral regions might be suggested. ‘The 
principal stream is probably able to incise itself deeper in the 
ice than the minor streams tributary toit. Very possibly these 
were hanging tributaries in the ice. ‘The competency of the 
tributaries, consequently, might be such as to transport most 
of the material, leaving little in the way of channel deposits 
to form branch eskers. | 

In conclusion.it may be stated as the writers’ conviction that 
further critical field work is essential bo continuing the discus- 
sions of these problems: to quote from Tanner (1982, p. 18), 
“... only the systematic analytic investigation of representa- 
tive instances according to the method of concomitant varia- 
tions, can guide us to a true conception di the history of the 
formation of eskers." 
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QUANTITATIVE DETERMINATIONS OF 
BORON IN SARATOGA MINERAL 
| 2 WATERS™ 


GEORGE E. HEGGEN. 


yi 


" ABSTRACT. ‘The results of quantitative determinations for the element 
boron in Saratoga Mineral Waters are presented for the first time. Addi- 
tlonal precautionary measures used in the experimental procedures for 
` determining this element are'briefiy discussed. The concentrations of 
several of the elements present in the mineral waters are tabulated and 
their ratios with each other and with boron are given. 


HE presence of boron in the Saratoga mineral waters has 

been known for many years but up to the present time, 
no quantitative determinations have been recorded. In view of 
the great physiological interest in this element, quantitative 
determinations were made of the mineral waters as a prelimi- 
nary phase to further work. 

‘A study was made of the ratios of boron. with respect to 
other elements present. in the waters but no conclusions are 
given as there seems to be no simple correlation between the 
amounts of boron or ratios of other elements with boron. The 
concentrations and ratios are given here as a matter of interest; 


* 
^ 


EXPERIMENTAL. 


As a result of much preliminary work, in which various 
methods, and variations of these methods, were used in deter- 
mining boron in the mineral waters," rt was found that the 
method of Naftel* was suitable for the work. here. In using 
this method, checks were made by running blanks and standards . 
that were treated exactly the same as the samples. Blanks 
were used that simulàted the mineral content of Hathorn 2 
‘water. To thése were added different amounts of boron and 
these were checked against standard solutions of H,BO,, and ' 


* A second paper on boron is in preparation. The absorption of boron 
through, the skin is its object. Boric acid is lipoid and water soluble. 
Boron possesses a remarkably strong affinity for forming cyclic complexes 
with OH groupings.. Boron penetrates through the lipoid wall of living 
cells and epters through the skin into the bloodstream. O. Baudisch. ; 


528 


Boron in Saratoga Mineral Waters. | 899 


samples to which had been added the same. amount of 0.1n 
Ca(OH). suspension as was added to the blank. After evap- 
orating and drying on a steam bath, the same amount of 
freshly made HCl-oxalic acid mixture and alcohol solution of 
turmeric were added to each. The drying took place in an 
electric oven at 55+8° for the same length of time for stand- 
ards, blanks and samples of each run. The extraction was 
made with 95 per cent alcohol, centrifuged and a comparison 
of colors was made in a Klett Biocolorimeter. 

It was found that differences in results obtained while using 
standard solutions of boric acid and blanks to which boric acid 
had been added were very sight. Therefore, for some of the 
runs, standard solutions of boric acid with no salts added other 
than calcium hydroxide were used as standards of comparison. 
In order to obtain more accurate results these standards were 
run with each series of samples, treated the same and for 
the same lengths of time, and contained approximately the 
same amount of boron as the samples. As the red color formed 
is unstable, comparisons were made as soon after formation of 
color and extraction as was possible. Sunlight was excluded 
and 95 per cent alcohol was used as the color change is more 
rapid in sunlight and when water is present in the solvent. 

The blanks, which were made to simulate Hathorn 2 water 
were prepared as follows: 0.06 g ammonium chloride, 8.5 g 
sodium chloride, 0.1 g potessium bromide, 0.4 g sodium bicar- 
bonate, 2 g calcium carbonate, 1 g magnesium carbonate. Made 
up to & volume of one liter with distilled water. Samples of 
this solution were treated and no red color was developed. 
When known amounts of boric acid were added to samples of 
this solution and compared with standard solutions of boric 
acid treated the same way, the recovery was such that it was 
not considered necessary to rum blanks containing these salts. 
Comparisons between blanks and samples, ene standards and 
samples gave similar results. | 

In the treatment of mineral water samples it was found that 
it was only necessary to add enough calcium hydroxide to make 
the sample alkaline and then to evaporate and dry on a steam 
bath and follow the usual procedure. 

The results shown in Table One give the upper and lower 
ranges and averages of from seven to twelve samples of each 
water. At least three samples were taken for each run and 
these were t&ken on different dates. Samples and standards 
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were of such.size as to contain 5 to 50 gammas of boron. Better 
results were obtained with the smaller samples. 

Checks were made on some of the waters that had been tand 
ing open to air and protected from contamination for periods 


TABLE 1. 

Spring ` Boron-Range Mg/L Average Mg/L — 
Hathor B nad 53 —5.8 5.5 
Hathorn 8 i... 9 Cb xa ne 8.1 —8.8 8.2 
Orendi 154. 17:—-241 1.8 
A aE OEA I9 —2.2 2.0 
COESS EEEE E 82 —8.8 8.8 
Hathorn D arre 2.0 —2.B 2.1 
Lincoln 666600 k0 EAE COINS 2.1 -2.6 2.4 
o O PS 2.2 —2.4 2.8 
ROG EE 0.87 —0.50 0.46 
Sea Water ........oooooooo.o.. 45 —05.0 4.5 —b.0 


, of from four days to three weeks. There was no change in: 


the boron content of the supernatant liquid. "This showed that 
the boron did not precipitate out and that there was no change 
in results even though the iron and considerable calcium and 
magnesium salts had precipitated out. 


DISCUSSION. . i 


No deductions have been made as to the sources of boron 
or of the concentration Or ratio with other elements. Some 


' interesting comparisons and ratios are given of concentrations 


of some of the elements in the waters. As can be seen in. 
Table 2, there is a direct relation between total solids and 
chlorides. With an increase in solids there is an increase in 
percentage of chlorine to total solids and a decrease in per cent 
of bicarbonates. With few exceptions there is a direct relation 
between total solids and calcium, magnesium, potassium and 
the bicarbonate radical. (Tables 2 and 3). 

However, of the other elements, some of which are listed 
here, there seems to be no correlation as to concentrations or 
ratios although the ratio of I: B, HCO;: B, and K: B are quite 
similar in some cases.*? 

In only one water, Hathorn 2, ie the concentration of boron 
greater than that of the average lithosphere, (8.3 Mg/Kg). 


e 
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p ' TABLE 4. l 

| , T a ¡Ratios ——————, 
Spring - - Ra*) . Ba: ^ Fe . Ra:Be) | Ba:B : — Fe:B 
Kiathorn2 :..... 536x107 . 280 * 59 . 508x107 5.09:1 107: ' 
Kisthon8 ....... 0 | ' 1888 | . 8.92 | ,06901  —— 1.281 
lOrenda eee 124x107 ^ 889 - . 888  .68 x10:1 486:1, - 8.21:1 
Hayes ........- | 16.84 8.4 8.091 , 1.68: 
ICoesa ..........149X10- . 1824 . 184 608 10-1:1. 4.02:1 0.56:1 
Kiathornl...... ,2.84x 10-7 19.70 5.92 — .185x102: 9881 2.82:1 
Mincoln ........ 7:8 24.50 - 882:1 10.42:1 
IGeyser ........ 868x10- - 8.88 8.12 158x10-*; 3 8.791 1.84:1 
Red usitas 25x107 2.70 8.0 ' BAXI: 581:1. 18971 


Enrichment with respect to Fe. 900 (in Red) .to 80,850 (in Coesa), 
Ratio of Fe.B in Lithosphere = 17,000 1().. - 
TEN. Ratio of Fe:B in Hayes water=1.68:1 (An average. water). 
paiement with respect to Res 10000: 


Ps 


However, - in comparing the — with respect to iron? 
in an average water (Hayes) the boron is enriched by a factor 
of 10 100 over the lithosphere. he 
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"x "THE PHYSIOGRAPHIC FEATURES OF AN 


AREA IN EASTERN OHIO. 
KARL VER STEEG. 


. ABSTRACT. Three major pre-glacial watersheds are present in eastern 
-Ohio. Their presence indicates that in Tertiary time, the plateau section 


of Ohio was subdivided into four main ‘drainage basins. The upland’ 
(Harrisburg) erosion surface is well preserved in the vicinity of Flushing 
and Bethesda, not far from the point where the major divides meet. 
Another surface, the Parker Strath, was developed at & lower level. The 
Worthington and Harrisburg erosion surfaces are in reality one continu- 
ous, rolling surface, higher on the divides and lower near the valleys. The 
writer believes the Worthington peneplane is non-existent and is a part of 
the upland (Harrisburg) surface. 

Most of the tributaries flowing into the Ohio River exhibit entrenched 
meanders, 

Many drainage patterns in eastern Obio, having the trunk stream extend- 
ing in an east-west direction, have longer tributaries on the north side 
than on the south. The asymmetrical pattern occurs to a greater or lesser 
degree over an area of more;than 80,000 square miles and must therefore 
be the result of a general rather than a local cause. The streams inherited 
the pattern from the upland (Harrisburg) cycle of erosion. It does not , 
&ppear probable that conditions during the ice-age had anything to do 
with the- abnormal arrangement because it developed in "Tertiary time. 
" Furthermore, the tributaries in the glaciated portion of Ohio do not show 
the asymmetrical pattern. — , 


* 


/ 


HE area selected is located in the unglaciated portion of 
southeastern Ohio, in Columbiana, Carroll, Jefferson, 
Guernsey, Belmont and Monroe counties. The contrast in 
topography between the areas to the east and west of the 


Flushing divide, and the development of the asymmetrical 
arrangement of the tributaries of the streams which flow east- 


' ward into the Ohio River, make the region an interesting area 
for study. The evidence of the presence of an upland erosion . 
surface (Harrisburg), i is shown 1 in this &re& better than at any 
other locahty in Ohio. 


PRE-GLACIAL DIVIDES IN SOUTHEASTERN OHIO. 


- Three major watersheds occur im eastern Ohio; the area 
under discussion is located near their intersection. One divide 
extends in an east-west direction and separates the south- : 
flowing streams in southeastern Ohio from the north-flowing. 
ones of the central and northern parts of the state. Another, 
running in a north-south direction separates the streams flow- 
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ding eastward into tlie Ohio River and those flowing northward. 
The third divide extends in a northwesterly direction: from 


Belmont County, through Guernsey, Tuscarawas and Holmes : 


. counties and westward. ‘The presence of the pre-glacial major 
divides indicates that in Tertiary time, the plateau section of 
Ohio was subdivided into four main drainage basins. These 
are the Erie, the southeastern Ohio (old Kanawha), the eastern 


Ohio (old Ohio), and the central Ohio (old Licking), drainage 


basins. ‘The location of the pre-glacial divides makes easier 


the interpretation of drainage changes and the tracing of the: 
old erosion surfaces. Since peneplanation is always more: 


. complete near the mouths of the streams end at points farthest i 


from the divides, erosion surfaces such ás straths: become nar- . 
. rower headward, are poorly developed on the headwater divides, 
and rise toward them, being broader and better RENE Spee along 


the lower courses of the larger streams. 


DESCRIPTION OF THE UPLAND SURFACE. 


The upland (Harrisburg) erosion surface, preserved on the: 


hilltops and ridges was a surface of slight relief, The higher 
points on the divides stand from 1200 to 1400 feet, the greater 


portion lying ‘between 1200- 1800 feet. Along the creeks and: + 


Ohio River, the altitude ranges from'1100 to 1200 feet. Occa- 
. sional monadnocks, represented by hills as high as 1447 feet, 
rise above the general level. 


The upland surface, before uplift ‘and dissection, Was a. 
. . gently rolling surface, sloping from' the divides which stood, 
"^ ` on the average, not much more than 100 feet above the stream ` 


valleys. The writer! believes that the so-called Worthington 


and Harrisburg surfaces are one and the same. There appears - 
to be no conclusive evidence against such interpretation. The’ 


Worthington ‘slopes from the spurs at the valleys, with no 
interruptions into. the surface (Harrisburg) on the higher 


. points. It is in reality only one continuous, rolling surface, | 


higher on the divides-and lower near the valleys. 

The streams meandered broadly on the upland surface. This 
is indicated by the incised meanders exhibited by the Ohio River 
and its tributaries, Captina. Creek, Yellow Creek, Little Beaver 
Creek, Sunfish Creek and. Wheehng Creek; in fect nearly, all 


the streams, «even some of the smaller ones in the area, show 


1 Ver Steeg, Karl: 1940, Correlation of Appalachian Peneplanes. Pan- 


1 


American Geologist, Vol. LX XIII. April, pp. 208-210. 
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entrenched meanders. This shenumenon 18 id of 
many streams, large and small, throughout the Appalachians. 

After the uplift, which ended the Harrisburg cycle of erosion, 
the streams in Ohio developed'a surface which has been called 
the Parker Strath. This erosion level, according to Stout and 
Lamborn,” stands at approximately 960 feet in Columbiana 
County. The bench along the West Fork of Little Beaver 
Creek, near West Point, in the Wellsville quadrangle in Colum- 
biana County, standing at 960-980 feet, may represent the 
Parker Strath. There are few places. in the area at this level 
which can be interpreted as an erosion surface. The Parker 
| Strath is well-developed farther west in Ohio, where it stands 
at about 800-900 feet, or about 200 feet below the Harrisburg 
surface. The absence of widespread remnants of the Parker 
Strath, in the area under discussion, and farther east in the 
Allegheny Plateau, can be explained by the fact that the 
streams farther west in Ohio were more advanced in the cycle 
and a strath was developed, whereas those farther east con- 
tinued cutting downward. After the uplift of the Harrisburg 
surface, the streams in the area cut down 450-500 feet to pro- 
duce the present strath along the Ohio River and its tributaries. 
Some of the latter have developed flood-plains up to their head- 
waters. ‘The width of the valley floor of the Ohio River is 
about one-half to two-thirds of a mile and has an altitude of 
700-720 feet in the northern part of the area and 620-700 feet 
in the southern portion. The Ohio River and its tributaries 
-can ‘be classified as in early maturity in the erosion cycle. . 
After the uplift of the Harrisburg surface, the streams dis- 
sected the region into & topography which can be classified as 
early maturity. The region east of the Flushing divide does 
not appear to be as far advanced in the erosion cycle as the 
area drained by the westward flowing ae Stillwater and 
Conotton creeks. 

The fall in feet per mile, as calculated by the — appears 
to be greater for the streams flowing eastward from ‘the Flush- 
ing divide. Wheeling Creek has an average gradient of about 
19 to 20 feet per mile for its entire length. In the first mile 
and a half it drops 120 feet; in the last 7 miles its fall is 
greater than in its upper and middle course. Cross Creek has 
, * Stout and Lamborn: 1924, Bull. Ohio Geol. Survey, (4), No. 28, pp. 41-48. 


Ax. Journ. Sor. —V or. 242, No, 10, Ocronza, 1944. 
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about the same average gradient,’ “about 20 feet per mile; this 
stream, like Wheeling Creek, has ‘a fall in the last 9 miles as 


" great as in its middle course. All the eastward flowing streams 


' have about the same high, uniform gradient. | 

Stillwater Creek, flowing westward from the Flushing divide 
has an average gradient of 10 feet per mile, for the first 21 
miles from the divide. Conotton Creek has an average fall of 
18 feet per mile in a distance of 20 miles from the Flushing 
divide. From these figures, it is evident that the eastward- 
flowing ‘streams have a much higher average gradient than 
those flowing westward from the Flushing divide. 

The upland, shown on the Flushing and St. Clairsville quad- 
,rangles does not appear to be as thoroughly dissected as the 
region to the west, drained by Stillwater Creek and its tribu- 
taries, or the region along the Ohio River to the east. This is 
especially true of the uplands in the area about Flushing, 
Bethesda, Morristown, Belmont, St. Clairsville and New 
Athens. "The headwater portions of the tributaries of the east- 
flowing streams, McMahon, Wheeling and Short creeks, appear 
. to flow on the upland, in broader shallower valleys than is true 
of their lower, courses nearer the Ohio River, where they have 
cut deep narrow gorges. The upland represents an older sur- 
face (Harrisburg), below which the streams on the east and 
west have entrenched themselves. The rejuvenated streams 


have not thoroughly dissected the divide in the vicinity of- | 


Flushing nor worked headward far enough to entrench them- 
selves in the old valleys on the upland in that area. Jt appears 
that after the completion of the Harrisburg surface, the land 
was tilted as a result of uplift along the axis of the Appa- 
lachians to the east. Entrenchment of the etreams below the 
Harrisburg surface followed. The streams thoroughly dis- 
sected the upland near their mouths, but on the major divides, 
remnants of it are still intact. Since the Flushing area is not 
far from the point where three major divides in Ohio converge, ’ 
one would expect the preservation of the upland surface. 

It is rather remarkable that there is so little evidence of 
` stream piracy in the Allegheny Plateau region, in view of the 
, great uplift that took place in post-Harrisburg time. This 
seems ‘to indicate that the divides, established on the Harris- 
burg surface, did not shift much as a result of the uplift which 
followed the completion of that surface. If differential warp- 
ing occurred in the widespread uplift of the Appalachian 
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' Plateau, one would expect evidence of considerable piracy. In 
. southeastern and eastern Ohio, where ice blockaded the streams 
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Fig. 2. Map showing portion of the Flushing quadrangle. Note the 
difference In topography east and west of Flushing divide. ' 
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south of the ice edge, disturbance of drainage occurred and in 


the area under discussion there are a few instances of stream 
piracy or drainage shifts, but none is the result of the headward 
encroachment of streams on divides between drainage basins. 


. ABYMMETRICAL ARRANGEMENT OF TRIBUTARIES. 

l G. F. Lamb? points out that many, drainage patterns in 

‘eastern Ohio, having the trunk stream extending in an east- 
west direction, have longer tributaries on the north side than 
on the south. The length of the north side tributaries may 
average five times as great as those on the south, Lamb points . 
out that the asymmetrical pattern occurs to a greater or 
lesser degree in the region beyond Ohio in West Virginia and 
Pennsylvania, over an area of more than 30,000 square miles 
and must therefore be more than a local occurrence and has a 
general cause. 

The streams having the — pattern drain areas 
of stratified rock of Paleozoic age. Lamb states that it is 
most strikingly developed where the rock is dominantly shale, 
as in the case of the Conomaugh and Dunkard series. Evidence 
is sufficient to indicate that the asymmetry is not the result 
of the primary stream shifting down-dip; that the dip of the 
beds has little or no effect on the length or course of the. 
streams; that .anticlines, synclines ane fault lines appa 
eXercise no control. 

The asymmetrical pattern 18 — on the — flowing 
into the Obio River in Columbiana, Harrison, Jefferson, Bel- 
mont and Monrée counties. Cross Creek, Short Creek, Wheel- 
ing Creek, Sunfish Creek, and the Little Muskingum River show 
this phenomenon. , Examples are shown on every quadrangle on 
‘both sides of the Ohio River, from East Liverpool to Wheeling. 
This stream pattern appears to be common only i in the ungla- 
ciated region. - 

The problem as to the cause for the asymmetrical arrange- 
ment has not been solved. The writer believes that the streams 
inhertted the pattern from the Harrisburg or upland cycle of 
erosion. The streams developed the pattern during the cycle 
which ended in the uplift of the Harrisburg surface. One 
might assume that complex warping accompanied the wide- 


* Lamb, G. F.: Cause of Asymmetrical Drainage Pattern in Eastern Ohio,, 
Ohio Jour. of Science, Report of 52nd Annual Meeting, Vol. XLII, 
July 1942, No. 4, p. 148. - 
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spread uplift of the-Harrisburg surface, giving the tributaries 
on the north the advantage. - However, there does not appear 
to be sufficient evidence to indicate that complex warping 
occurred. The absence of widespread piracy opposes that 
theory. Structures in the overlying rocks, removed during 
the Harrisburg cycle, may have been a factor. Since the evi- 


5— 2 — 


| Wey 
Fig. 8. Cross Creek, showing the asymmetrical arrangement of tribu- 
tarles. Scale of map—1 inch equals 250,000 feet. 


dence has been removed by erosion, one can only speculate as 
"to the cause. Lamb* suggests that the amount of sunlight is 
a potent and probably the dominant factor. It does not 
appear probable that conditions during the ice-age had any- 
thing to do with the abnormal arrangement, because it devel- 
oped before the ice-age in Tertiary time. Furthermore, the 
tributaries in the glaciated section of Ohio do not show the 
asymmetrical pattern. | 
‘Idem, 8, p. 148. ^ — 
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THE BINARY SYSTEM P,0;-2Ca0.P05. 
` W.L. HILL, G. T. FAUST ax» D. S. REYNOLDS. . 


Parr II. 


. DESCRIPTION OF THE PHASES. 


HARGES containing more than about 22 per cent calcium 
oxide presented no difficulties in their optical study. The 
hygroscopic nature of icharges containing less calcium oxide 
necessitated examination immediately after removal from the 
furnace. The formation of reaction rims on the glass frag- 
. ments upon exposure to the atmosphere was avoided by crush- 
ing a portion of the charge covered with the proper immersion 
liquid in a mortar and then transferring the mixture to the 
microscope slide. For materials in the composition range 
where phosphoric oxide is a stable crystalline phase resort was 


had to the dry- Sameer rar: iE used in. the — of pure . 


phosphoric oxide.' 
The indices of refraction were measured with sodium light 
and the accuracy of the reported values (Table VIX) is at least 


- + 0.002. 


. Previous optical studies in the system CaO-P 20, were made 
by Schneiderbóhn,! who examined the phases prepared by 
CTrómel? He examined three of the seven binary crystalline 
phases that occur in the composition range covered by the 
authors in this report. ` 
| DOS Math Oxide (P205).—Although phosphoric oxide is 
trimorphous,’ only the stable, or tetragonal(?), form was 
observed in equilibrated charges.in the system with calcium 
oxide. This phase develops as lath-shaped crystals with pris- 
matic cleavage. The crystals are colorless; well-terminated 
and occasionally twinned. The laths exhibit parallel extinction 
and are length-slow (positive elongation). This polymorph is 
probably uniaxial and positive: The crystals ‘are extremely 
reactive, even decomposing in low-melting solid immersion 
media. The indices of refraction are: o = 1.599 and e= 1.624 
with ew = 0.025. 

11 Schneiderhühn, H.: 1982, “Beiträge sur Kenntnis des Systems Kalxium- 
_ oxyde-Phosphorpentoxide. Mikroscopisch-Optische Untersuchungen der. 


, Schmelzen,” Mitt. aus dem Kalser-Wilhelm Inst. f. Pisenforsehung, Diissel- 
dorf, 14, 84-86. 
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The orthorhombic polymorph (metastable) was noted in one 
sample (composition 4) obtained by heating the glass for a 
relatively short time. This phase consists of colorless crystal- 
line platey aggregates. Two cleavages were observed, a good 
one parallel to the optic plane and a poor one normal thereto. ' 
Optically these crystals are strongly birefringent and biaxial 
negative with 2V equal to about 65°. The indices of refraction 
are: a = 1.545, $ = 1.578, and y = 1.589. 

The hexagonal form, the one with which the chemist is famil- 
iar, 18 probably metastable at all temperatures. It is obtained 
by the rapid condensation of P,O,, vapor, but it has not been 
crystallized from melts. The crystals occur largely as tiny 
colorless plates that appear to be easily deformed under slight 
pressure. ‘The outline of the crystals is distinctly hexagonal, 
presumably made up of & prism and the basal pinacoid. Some 
grains appear-to be trigonalin character. Polysynthetic twin- 
ning is common and may be due in part to the apparent deform- 
ability. The crystals are uniaxial positive with o — 1.469, 
e = 1.471 and ew = 0.002. 

Calcium diphosphate (Ca0.2P,0,).—This compound devel- 
ops as six-sided, well-defined euhedral plates. The crystals 
have one excellent cleavage, which is normal to the optic axial 
plane. Occasionally the plates are faceted with many extremely 
narrow forms. The crystals are biaxial and negative with a 
strong birefringence (y — a — 0.029). The indices of refrac- 
tion are: a = 1.470, B = 1.497 and y = 1.499. The optic angle 
was found by measurement to bé 15°. 

Dicalcium triphosphate (2Ca0.3P,0,).—Microscopically 
this compound appears as nearly equant euhedral plates, each 
of which possesses an excellent cleavage. The crystals are 
biaxial and negative with 2V equal to 23°. The optic plane is 
perpendicular to the excellent cleavage. The indices of refrac- 
tion are: a = 1.477, B = 1.511 and y= 1.518. The bire- 
fringence is strong, being numerically equal to 0.036. 

Alpha calcium metaphosphate (a-CaO.P;0,).—Crystals of. 
this compound occurred as ‘euhedra in quenched charges, 
whereas those formed in seeded melts of large charges grew as 
divergent lamellae or blades. The cleavage is so pronounced 
' in the base {001} as to cause the crystal to appear fibrous. 
Another cleavage, parallel to the side pinacoid (010) is of poor 
quality. As a consequence of the extreme degree of cleava- 
bility parallel to the basal pinacoid the grains, upon being 
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ground, convey the impression that the charge is wet. The 
cleavage and optical orientation are shown in Fig. 5. The 


y 





Fig. 5. Cleavage and optical orientation of a-calcium metaphosphate. 


‘. crystals are biaxial and probably negative as inferred from the 
indices of refraction, with 2V almost 90°. The indices of 
refraction are: a — 1.587, 8 = 1.591 and y — 1.595, the bire- 
fringence being 0.008. The optic plane is parallel to (010) 
with Z=7, K=a and Y= §.  Schneiderhóhn" found 
' a = 1.588-, y = 1.595, Y-a = 0.007 and 2E = 100°. l 

Beta calcium metaphosphate (8-CaO0.P,0,;).— The habit of 
this, phase varies with the composition of the mixture in which 
it forms. It crystallizes as euhedral plates and laths from 
melts on its stable liquidus, whereas in the region between cal- 
cium metaphosphate and calcium pyrophosphate the shape 
ranges from laths near the Ca0.P¿05 boundary to equant plates 
in more calcic compositions near the pyrophosphate boundary. 
The optical measurements were made on Composition 23. 
Basal plates bounded by the prism (110) and the pinacoid 
(010) give rise to eight-sided crystals. The cleavage is {010} 
and the axial plane is parallel thereto. Extinction is parallel. | 
The crystals are biaxial and negative. ‘The indices of refrac- 
tion are: a = 1.578, $ = 1.587, y = 1.596 and Y-a = 0.023. 
2V cale. 80^. — : | | 

Index measurements were made on two solid solutions: At 
29.2% CaO (composition 26) a’ = 1.574, y'= 1.596 and 
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i -a' = 0.022; at 88.8% CaO (composition 34) « = 1.5777, 

= 1.597 and Y- = 0.020. The crystals were very small 
and orientated optical directions were not recognizable. Because: 
of their small size and thickness the grains appeared to have a 
low birefringence. 

Trómelite.—This phase consists of small subhedral plates 
without any apparent cleavage. It is usually observed as com- . 
pletely intergrown aggregates. The plates on end often appear 
fibrous. The extinction in the individual crystals is shadowy. 
Optical properties of this phase were determined on charges 
at 88.8% CaO (composition 84). The crystals developed in 
a charge held at 980° for 65 hours were biaxial and probably 
positive, as inferred from the indices of refraction, with 2V 
close to 90^ (2V,.,..— 88°) and the indices of refraction 
WETE: gts, = 1.584, B = 1.594 and y = 1.605 with y-a = 0.021. 
Results obtained on a charge held at 972" for 8 hours are 
substantially the same, being a” = 1.585, $' = = 1. 598, Y = 1.606 

with Y-a' = 0.021. 

Seven other preparations!? were examined and found to con- 
sist of small crystals of trómelite intergrown in a complicated 
manner to form aggregates. The few grains appearing fairly 
independent exhibited undulatory extinction, so that reliable 
optical data could not be obtained. What appeared to be a 
hazy optic axis figure indicated a large 2V with 8' = 1.593. 
Some grains exhibited a very fine polysynthetic twinning. This 
twinning is easily confused with the frequent occurrence of 
lamellae of crystals and glass, which resembles polysynthetic 
twinning but is on a coarser scale. The scanty optical data 
for these materials do not permit the identification of solid 
solutions in this series. Furthermore, the presence or absence 
of this phase in a charge had to be determined by the X-ray 
diffraction method., 

Alpha calcium pyrophosphate («-2Ca0. P205) — This com- 
pound forms readily as large crystals in melts. The crystals 
are equant and twinned polysynthetically with rather broad 
lamellae. In some charges a. pseudopolysynthetic twinning 
appeared as a result of the parallel arrangement of alternate 
layers of glass and crystals. When such charges were reheated, 
they exhibited polysynthetic twinning, the previously existing 


12 


u Compositions 84 run 4, 85 completely crystallized at 968°, 86 run 5, 87 
completely, crystallized at 968°, 88 equilibrated at 949°, 41 run 1 and 
42 run 6. l 
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glass lamellae being now replaced by the missing members of | 
the polysynthetic twins. | 


Optical data obthined on materials ld in this. investi- 

. gation and previous results by Merwin? and by Schneiderhóhn' 
are collected in Table VI. The positive figure observed by ` 
Schneiderhóhn was doubtless due to an optical anomaly intro- ` 

` duced by. polysynthetic twinning. Crystals of this compound 
observed in the authors’ small quenched charges showed in . 
every case a biaxial negative figure. Crystallization in bulk. 
gives rise to a mass of crystals varying widely in size with well- 
developed polysynthetic twinning that is. easily observed 
megascopically. If one of the twinned plates is viewed normal 

| to the twinning plane, a biaxial positive figure with a small | 
^ 2V(ca.b”) is observed. If, however, the individual plate bé ` 
` crushed and a proper section normal to the optic plane be 

. viewed, the true biaxial negative character is revealed. - 

Beta calcium pyrophosphate (B-2CaO.P,0,).—'The beta 
modification -of calcium pyrophosphate forms octagonal 


Taste VI. 
Optical Data for Alpha Calcium fiia. 
` Author Faust — Merwin Schneiderhóhn 

Optical character biaxial (—) . ., biaxial (-) biaxial (+) 

.8 1.584 1585 - 1.585 

B | 1.599 + "o T 

Y 1.605 1.605 1.604 

y-a ^, 0021 0.020 0.019 

2V 50° small to moderate moderate 
Cleavage good | — į to optic plane — Imperfect in two directi 


- shaped euhedral crystals. These are especially well-developed 
in glass-bearing charges. As a consequence of the low bire- 
fringence and small crystal size sensibly isotropic grains were 
commonly observed. Well-developed crystals show parallel 
-extinction and some display polysynthetic twinning. 'T'he crys- 


? Shannon, E. V., and nur E. S. 1925, “Merrilite and Chlorapatite 
from stony meteorites,” Amer. Jour. Sci., 9, 260-260. 

Since this manuscript was prepared a gamma form, apparently mono- 
tropie with respect to the beta modification, to which it inverts rapidly at 
700 to 800°, has been identified as the pyrophosphate that is obtained by 
low-temperature ignition (600°) of 'dicaleium phosphate. Furthermore, 

_ anhydrous calcium pyrophosphate obtained from two of the. larger pro- 
ducers was sound to be the gamma form. 


t 


y 
- 


^ 


index of Refraction 


y 


1 a i - nt 7 t 


ra = The Binary System. P10, 8CaOP,0;, : CBA 


tals are optically aninxial and positive. The indices of refrac-.. 


tion are: e — 1.680 and «= 1.689 with éw = 0.009. The 
crystals are tetragonal and. possess a good basal cleavage with 
a less distinct prismatic cleavage. Schnéiderhéhn described a 
beta, calcium” ES but his — of refraction. 
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Fig. 6. Indices of refraction of. glasses in the system P,0,-2040. PO. 


(o = - 1. 624- — e= 1:628) — be — — any 
phase encountered by the authors. 

-The beta phase obtained by inversion of the alpha moäifica- 
tion consists of interlocked, eo which ‘exhibit ee and 
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| patchy extinction. Significant changes in the indices of | 


refraction as & result of solid solution were not observed. 
Glasses.— Optical measurements were made by the immersion 


. method with the use of sodium light on glasses that had not 


been intentionally annealed. The indices of refraction of the 
glasses (Table IV) are plotted in Fig. 6. The lower curve, - 


obtained by plotting the index against composition in per cent 
— by weight, shows a marked change in slope near the diphosphate | 


composition (Ca0.2P,0,). When the composition is expressed 
in terms of mole per cent (upper curve), a similar change in 
slope occurs at the same composition with a suggestion of 
another in the vicinity of the metaphosphate composition 
(Ca0.P,0,). The apparent bending of the curve-at the latter 


composition becomes somewhat more prominent when P,O,, 18 


regarded as a mole of phosphoric oxide. 
The indices of refraction of crystalline and vitreous phases, 


_ respectively, at the compositions of the several compounds are 


given in Table VII. These data exhibit some unusual and 
interesting characteristics. It will be noted that for a-calcium 
pyrophosphate the mean index of refraction of the crystalline 
solid and the index of-refraction of the glass are essentially. 
identical. ‘This condition suggests a. remarkable closeness in 
structural relations between the two phases. The degree.of 
orderly organization of the atoms in the glass 18 approximately. 
the same as the more regular order in the crystalline a-calcium: 
pyrophosphate. Such a concept is in accord with other - 
observed phenomena. As has previously been mentioned this 
phase is very difficult to quench to a glass and'such a phenome- 
non would be a logical one to result from the pronounced close- 
ness in structural relations. 

The normal relation between solid and glass obtains jor 
B-calcium pyrophosphate, trómelite, a- and f-calcium meta- 
phosphate. The tetragonal (?) and orthorhombic forms of 
phosphoric oxide also belong in this category. 

Calcium diphosphate and dicalcium triphosphate display the 
abnormal optical relation in that the glass has a higher index 
of refraction than the mean index of refraction of the crystal- 
line equivalent. Moreover, the hexagonal modification of phos- 


. phorie oxide appears likewise to be abnormal. This abnor- 


malty may owe its origin to the polymerization which takes 


place in phosphate-rich glasses. Such polymerization may 
' preclude the possibility of ever obtaining the index of refrac-' 


tion of the less polymerized glass. 
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` The fertilizer. properties of séveral of the phases and appli: 
cations of the equilibrium data - to the production: of calcium 
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; -metaphosphates fertilizer is. — in a forthcoming article! 


from the Tennessee Valley Authority. 


: X-RAY POWDER cs DATA, 


t 


Spacing and intensity measurements on the x-ray powder 


diffraction photographs of the compounds involved in this 
A ‘system are given in Table VIIL Each compound has a unique ` 


. pattern that makes possible its Mane differentiation 


from the other — 
‘ALTERATION OF mdi COMPOUNDS' BY ATMOSPHERIC 
MOISTURE. 


Upon exposure to the atmosphere. — Cao. 2P,0, 
and 2Ca0. 3P,0, react with moisture to form a new compound. 


15 Frear, ` G. L., Deese, E. E, and Lefforge, J. W.: 1944, “Effects of ' 
Impurities upon Fusibility, Citrate Solubility and Hygroscopicity of Cal- 
clum Metaphosphates," Ind. Eng. Chem., 86, 885 f ; 
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This compound was observed in seven preparations (16.8 to 

21.2% CaO) in amounts varying from ‘a trace to above 50 

per cent of the material, and was in each instance identified by 

x-ray diffraction methods as hydrated monocalcium phosphate, 
Ca (H4PO,)4.H40. -As observed microscopically this alteration - 

product encrusting calcium diphosphate plates was fibrous or 
needlelike in character and optically length-slow. 
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REGIONAL SUPERPOSITION ON THE 
SCHOOLEY PENEPLANE. 


ARTHUR N. STRAHLER.. 


ABSTRACT. O. D. Yon Engeln has recently presented a hypothesis of 
origin of northern Appalachian drainage involving regional superposition 
of congequent southeast flowing streams from a coastal plain cover mantling 
the Schooley peneplane. Three lines of evidence, opposed to this date of 
superposition, but supporting Douglas Johnson's theory of superposition 
on the older Fall Zone peneplane, are (1) the absence of windgaps along 
some supposed former consequent stream rourses but the presence of 
aligned groups of windgaps well preserved &long others, (2) the presence 
of shallow ridge crest sags into which watergaps have been incised, and 
(8) the remarkably even inner margin of the coastal plain. 


. HYPOTHESIS of regional superposition of Atlantic 
slope drainage has been outlined by O. D. Von Engeln 
in a recent textbook of geomorphology.* Although similar in 
all other major points to Douglas Johnson's theory of regional 
superposition,” the newer explanation postulates that the 
Schooley peneplane, rather than the Fall Zone peneplane, was | 
buried under a coastal plain cover. . Von Engeln believes that 
if superposition had occurred on the earlier Fall Zone surface, 
transverse stream courses would by now have been diverted, 
and all evidences of superposition long since removed. Only 
the point of difference between the two drainage histories will 
be discussed. 

Superposition upon the Schooley peneplane is not a new idea. 
. Johnson carefully considered the possibility and rejected it 
for cogent reasons. His evidence for assigning coastal plain 
overlap to the Fall Zone peneplane rather than to the Schooley 
peneplane is as follows: 

1. If superposrtion had occurred from a coastal plain 
cover overlapping the Schooley pereplane, the entire super- 
_ posed drainage system should be capable of reconstruction by 
connecting aligned groups of windgaps.? Every transverse 
stream, as it became superposed across resistant rock layers 


- Von Engeln, O. D.: 1942, Geomorphology, The Macmillan Company, 
New York, 889-868. ] : 
: 3 Johnson, Douglas: 1981, Stream Sculpture on the Atlantic Slope, Colum- 
bia University Press, New York. 
* Johnson, Douglas: op. cit., 85-86. 
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vould have cut a series of — Even if the can were 
diverted soon after superposition, the resultant windgaps would 
remain as evidence of its former course. For although Schooley , 
ridge crests, including watergaps, may have been somewhat 


. modified and lowered by weathering, no later cycle of penepla- 


nation has removed the ridge crests or obliterated the gaps. 
Such aligned windgaps as do exist are in fact beautifully pre- 
served, and clearly record post-Schooley diversions of remnants 


,of superposed ,consequents^which persisted in initial courses 


through, watergaps cut in the ridges until after the end of 
Schooley time. The fact that few courses of. former super- 
posed consequent streams can now be reconstructed indicates 
that superposition must have occurred long before the close of 
the Schooley cycle, during which the countless windgaps or 
oped by diversions in that cycle were ‘obliterated. 

2. , A second — line of evidence was discovered and’ 
interpreted by Ver Steeg.* A longitudinal profile of the crest. 
of Kittatinny Mountain and other Pénnsylvania ridges reveals 
that, the highest elevations are at points between the major 
transverse drainage lines, with the. undulating ridge crest 
descending toward major gaps. 'The watergaps and windgaps 
were found to have been. incised into the centers of shallow sags - 
on the ridge crest. These facts, together with other points of 
evidence,” strongly support the interpretation that the ridge 
crest representa. the Schooley peneplane and that transverse 
streams were in their places at the close of the cycle. ^ Both 
conclusions have been utilized by Johnson as independent and 
unexpected confirmation of a Drecnonooiey date for regional 
superposition." 

Ver Steeg's conclusions have not, however, been accepted by 
H. D. Thompson and Von Engeln. Thompson has argued that — 


. gentle ridge crest slopes toward watergaps are normal features 
‘of erosion in folded mountains; that they are the result of 
greater reduction of ridge crests near the master drainage lines 


and therefore provide no Justification for assuming either a 
pre-Schooley or later superposition." Von Engeln? n this 
‘view in preference to that of Ver Steeg. 


. * Ver Steeg, Karl: 1980, Annals N. Y. Acad. Sci., 82, 87-220; 1940, Amer. - 
Jour. Sci., 288, 685-709, 1942, Jour. Geol., 50, 504-511. 
* Ver Steeg. Karl: 1940, op. cit., 694-698; 1942, òp. cit 508-507. 
* Johnson, Douglas: op. cit., 48-44. 
"Thompson, H. D.: 1989, Geol. Soc. Amer., Bull. 50, 1880. ' 
* Von Engeln, O. D.: op. cit., 857. 
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Thompson and Von Engeln seem to have disregarded certain 
important evidence and arguments repeatedly emphasized by 
Ver Steeg.? The crest of Kittatinny Mountain and other ridge 
crests show two distinct features, each with its particular 
significance: 

(A) Elevations of the undulating ridge crests are greatest 
between major transverse drainage lines, but diminish to a 
minimum at the major gaps. To describe this feature in such 
terms as “a discernible slope toward the watergaps" may be 
misleading because it is neither a smooth, constantly descending 
profile line, nor is 1t sufficiently marked to ‘be seen in the field. 
Ver Steeg has interpreted the undulating ridge crest as the low 
monadnock ridge which stood somewhat above the Schooley 
peneplane developed on adjacent weak rock belts. Slower 
reduction of the land surface at major divide areas caused 
this monadnock ridge crest to be highest at those divides and 
to descend gradually to the principal transverse streams. 
Under this interpretation superposition from a coastal plain 
blanketing the Schooley surface is ruled out because superposed 
streams would stand an infinitely small chance of retaking 
positions coinciding perfectly with the lowest points on the 
ridge between the fossil divides. 

Thompson and G. H. Ashley!? hold that the same variations 
of ridge crest elevations would develop in a single cycle of 
erosion because of faster reduction of the ridge nearer to the 
larger and lower drainage lines. Inasmuch as exactly the 
same principle is back of the lowering of ridge crests with 
relation to drainage lines in both the Ver Steeg and Ashley- 
Thompson interpretations, this particular line of evidence, 
standing by itself and with all other lines of evidence disre- 
garded, may permit either view. 

(B) A second ridge crest characteristic has also been 
described and interpreted by Ver Steeg.* On both sides of 
many watergaps and wandgaps the ridge crest within one or 
two miles of the gap slopes with a gentle (2^ to 5°) but dis- 
tinctly visible declivity toward the gap. These slopes consti- 
tute & broad, shallow sag into which the stream has cut the 
deep V-gap. If the gentle slopes are projected upward away — 
from the gap they will be seen to pass far above the present 

* Ver Steeg, Karl: 1980, op. cit. 91-92, 104, 218; 1940, op. cit, 689, 692- 
695; 1942, op. cit., 509. 


10 Thompson, H. D. op. cit., 1880; Ashley, G. H.: 1985, Ibid, 48, 1895-1486. 
u Ver Steeg, Karl: 1980, op. cit., 90-91, 218; 1942, op. cit., 509. 
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undulating ridge crest and are thus clearly distinguishable 
from the first ridge crest feature described above. It is these 
sags which form the critical evidence for the existence of the 
.. Schooley peneplane and fér a pre-Schooley date of origin for 
the streams. Not only are notched’ sags unexplainable in a. 
single cycle of erosion, but it is virtually impossible that by 
chance superposition so many streams could have occupied the 
centers of sags if that peneplane had been buried under a. 
coastal plain mantle. Thus both Ashley’s and Thompson’s 
interpretations of a single-cycle development of all topographic 
features, and Von Engeln's hypothesis of superposition on the 
Schooley peneplane are equally opposed by Ver Steeg’s evidence. 
.  8.. A third point used by Johnson as evidence of pre- 
Schooley superposition has also been noted by Von Engeln,” 
but not fully apphed to his hypothesis of Schooley superposi- 
tion. If the coastal plain had overlapped. upon the Schooley 
surface, remnants of those sediments should still be preserved 
as outliers far inland from the Fall Line. The inner margin 
of the coastal plain would thus be a ragged zone. Instead, 
the coastal plain terminates along a remarkably even line, with 
few, if any, important outlying remnants. The presence of a 
later erosion surface truncating both the older basement rocks 
and the coastal plain strata, with consequent absence of coastal 
plain remnants inland from the line of intersection of base- 
ment plane and later (Schooley) peneplane, is clearly indicated. 
The block diagrams used by Von Engeln to illustrate regional 
. superposition from a coastal plain manthng the Schooley pene- 
plane? are apparently modified, with change of’ orientation, 
from the series of diagrams designed by Johnson to illustrate 
his text,** although the source is not sbated. Failure to modify ` 
the original diagrams to meet the needs of the newer hypothesis 
properly has resulted in ser-ous error. Von Engeln’s first dia- 
gram, which shows Appalachian drainage before coastal plain 
overlap and superposition cccurred, strangely enough already 
has direct, southeast flowing drainage. How it acquired that 
course, transverse to the structure, is not explained. With 
such a stream-system already present, the need for superposi- 
tion is removed. This is clear from the fact that the new 
drainage resulting from au perpomtot; shown in a later dia- 
 " Von Engeln, O. D.: op. dt, 857. 


2 Von Engeln, O. D.: op. cit., 838-361. 
% Johnson, Douglas: op. cit, 15-20. 
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gram, is essentially identical in character with the assumed 
initial drainage. The mistake has resulted from using, without 
due care, Johnson's diagram of the Schooley peneplane upon 
which superposition has already occurred, instead of his dia- 
gram of the Fall Zone peneplane, which is the corresponding 
step. Alterations in minor details of Johnson's diagrams have 
led to further errors, such as representation. of the Triassic 
rocks as limestone instead of sandstones, shale, and trap. 

In summary, Von Engeln’s proposed modification of John- 
son's hypothesis of regional superposition from coastal plain 
strata is strongly opposed by evidence obtained from the dis- 
tribution of windgaps, from the form of ridge crests, and from 
the nature of the inner coastal plain margin. 


COLUMBIA UNIVERSITY, 
New Yor Crrr. 


^ — SCIENTIFIC INTELLIGENCE 
Physic —— 


Principles of Physics I; by F. W. Swans. Pp. 526; profusély 
illustrated. Cambridge, Mass., 1944 (Addison Wesley Press Inc., . 
$5.00).—The Massachusetts Institute of Technology has for some 
time introduced its students to the subject of physics in a two-years 
course, the first of which covers the subdivisions of Mechanics, Heat, 
and Sound. The present book is a text used in this part of the intro- 
ductory course. Its numerous virtues are in considerable measure 
traceable to the freedom of exposition which this two-year presenta- 
` tion of the subject of physics affords. By its leisurely pace it 
avoids estranging the student at the very’ beginning, and this fault 
is in my opinion the major cause why elementary students, taking 
the ordinary one-year introductory course, generally dislike physics. 
“Difficult” subjects, such as uniform circular motion and simple har- 
monic motion, are treated relatively late in the‘ course, at a stage | 
when the student may be presumed to have attained mastery of 


. the necessary physical principies as well as the mathematics.’  - 


The arrangement of subject matter represents: a fortunate com- 

promise between a rigid logiral sequence desirable in advanced 
courses, and the usual conglomeration characterized by the rule of 
"easy things first." The author’s purpose is best expressed by quot- 
ing from the preface: "The emphasis of the book is on physical 
principles. Historical background and practical applications have 
been given a place of secondary importance.” There can be no 
quarrel with the execution of this program; it is well achieved. But 
perhaps the wisdom of. omitting practical applications to the rather 
extreme extent to which they are absent in this book may be 
questioned. : 
. This defect, if it be a defect, is largely — ea however, 
by remarkably well selected seta of problems, many of which stimu- 
late the student by their intrinsic interest, many dealing with prac- 
tical applications. Most illustrations are simple and clear line 
drawings. An outstanding feature of the book is its use of instruc-. 
tive multiflash photographs, admirably suited to illustrate complex 
motions. There is no better way of demonstrating the physical 
meaning of center of mass.and of center of percussion than by the 
beautiful reproductions on pages 105 and 277. — . - 

As to contents: “The book opens with several chapters on statics 
in order that kinematics may be postponed until the student has 
acquired some familiarity with the ‘concepts and notation of calculus. 
Beginning with Chapter 4, simple differentiation and integretion are 
introduced to supplement and extend the algebraic development of 
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the equations of linear motion with constant acceleration. From - 
that point on, the caleulus is used freely wherever its inclusion is 
warranted." 

In the matter of initi, the book is highly ambitious, for it uses 
three systems throughout: the English gravitational, the C. G. S. 
and the M. K. S. system. One wonders—in spite of the author’s 
very plausible justifications—whether this was not done to make 
the book suitable to the tastes of the widest possible number of teach- 
ers who, most unfortunately, have not yet adopted any unique stand 
on this matter. No student should be introduced to all three at the 
beginning, and we fear that inclusion of them.all in this book will 
tend to be confusing. 

The spirit of the discussicn is refreshingly modern; some sections 
(e.g. that on surface phenomena) correct errors which have been 
propagated by elementary textbooks for decades. But why “the 
reader is advised to accept [the theory of intermolecular forces] 
with reservations" (a sentence occurring on p. 810 in an otherwise 
excellent discussion), is not at all clear to this reviewer. 

The text makes no typographic distinction between scalar and 
vector quantities; equations involving the addition of vectors are 
followed invariably by the cumbersome phrase "vector sum.” There 
ig no reason whatever why a course in physics using vectors, even 
if it is an elementary course, should not employ the conventional 
black-face type for vector quantities. My experience has shown 
that elementary students are happy about this distinction and find 
it far less harassing than the needless use of Greek nether for 
example. 

Finally, to mention minor points, the book contains no — 
definition of mass. A derivation of the ideal gas law, which appears 
on p. 456 et seq., operates in most.elementary style with a cubical 
box, a single'$peed of all molecules, and assumes them to vibrate in 
three groups along the axes. At this stage, a student who has 
studied the preceding material and has thus far had the benefit of 
the author's careful explanation, would be expected to prefer a 
somen hak more Ue and elaborate derivation. H, MARGENAU. 


Coney: 


Wood Chemistry; edited by Louis E. Wise. ` Pp. x, 900. Ameri- 
can Chemical Society Monograph Series No. 97. New York, 1944. 
(Reinhold Publishing Corp., $11.50).—In recent years, the interest 
in wood and the products obtainable from it has increased very 
greatly. The war conditions which brought this about comprise 
not only economic changes, but also personal displacements. New 


Ax. Jour. Scr.— Vor. 242, No. 10, Ocrozer, 1944. 
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discoveries have contributed, directly, and indirectly, by drawing 

' attention to older ones. Obviously, our publishers are well aware 
of these facts. Within the lest few months, at least three important 
books on this subject have appeared: “Cellulose and, Cellulose 
Derivatives," under the editorship of Emil Ott and reviewed here 
a short time ago, Emil Heuser's "Chemistry of Cellulose," and the 
book under review here. This last one, in which fourteen eminent 
authors present the several aspects of the subject, gives a more 
complete picture of the chemical behavior of wood itself than the 
other two. In view of these, it might even have gone farther in this 
respect, thereby avoiding some overlapping with the others in the 
chapters on cellulose. 

. The general plan for such a book will — reveal compromises 
because of the overlogical complexities of the subject and the pref- 
erences of the authors. It was logical to begin with “The growth, 
anatomy, and physical properties of wood’*as Part 1; but should 
., the "Surface properties of cellulosic materials" not follow imme- 
diately, instead of forming Part 4? Part 6 deals with “Wood as an 
industrial raw material” and contains a chapter on “The chemical 

«behavior of wood" which might have found its place even before the 
present Part 2 on "Components and Chemistry of the cell wall." 
The other parts are No. 8, “The extraneous substances," and 5, 
“The chemical analysis of wood." j 

Each one of the 25 chapters, from Harry P. Brown's “Growth ' 

‘and Anatomy of Wood” to Selman A. Waksman's “Decomposition ' 
of Lignin” (by micro-organisms), is a monograph in itself, present- 
ing, within the necessary limits of space, a practically complete 
description of its subject. This book will be eagerly received by 
the many chemists dnd engineers whose work has to do with wood, 
and by the still greater number of those who may want to find out 

a - what this field still has to offer. 

The references, among which those to patents are very scarce, 
.are given at the end of each chapter, in alphabetical order of the 
authors. Many will find this method rather cumbersome. The ` 
system of a science is usually not very closely related to the alpha- 


! *betical system of our letters. This is one reason why the 40 pages 


of Subject Index cannot compensate for the fact that the table of 
contents is extremely short. Additional such tables, preceding the 
individual chapters, would certainly be helpful. 
In general, one might wish that the editor had found-it desirable 
, to create closer coordination between the parts of the book. We 
are somewhat inclined to amputate from our scientific books the links 
which connect the pieces of specialized research. Are not the rela- 
, tions between these parts and their meaning essential constituents 
of the scientific work? EDUARD FARBER. 


E 


Geology. ^ i 571. 

Gzoroax. 
Geològic Importance of Calcareous Algae, with Annotated Bib- 
. ography; by J. HarLaN JouHnson. Quarterly of the Colo. School 
of Mines, vol. 88, no. 1. Pp. 102, 28 figs. Golden, Colorado, 1948 
($1.50).—It is now recognized that calcareous algae play an im- - 
portant rôle in the formation of modern calcareous deposits in the 
` sea and in some freshwater lakes. They are: generally associated 
with corals and in some so-called coral reefs far exceed other organ- 
isms in the formation of limy deposits. Furthermore, such algae are 
widely distributed beyond the limit of coral reefs. . 

It is not surprising, therefore, that calcareous algae are present 
in many calcareous formations and have been important rock-makers 
since Precambrian time and that they are believed to have played 
a prominent part in the formation of such massive limestone deposits 
as the Capitan reef in Texas and parts of the Dolomite Alps. 
It is notable that under these circumstances the study and descrip- 
tion of fossil algae have been so badly neglected in this country. - 
Doctor’ Johnson's work’ in this field is therefore the more welcome. 

The present volume is largely a bibliography of works on fossil 
algae and will Be a great aid in any future studies on this group. 

CARL 0. DUNBAR. 


Foreign Maps; by Evererr C. Orson and Aanes WHITMARSH. 
Pp. xvii, 287; 25 text figs., 16 plates in color. New York and Lon- 
don, 1944 (Harper and Brothers, $4.00).—Anyone who makes fre- 
quent use of foreign maps will find this volume a good investment. 
Even the professional geologist or geographer, with much experi- 
ence, will find parts of it indispensable for frequent reference. The 
work is devoted to geographic maps, particularly those indicating 
relief; it does not touch upon the interpretation of geologic maps. 
A general discussion of maps of the United States, embodied in the 
first chapter, forms a good background for the rest of the book. 

Chapters 2, 8, and 4 are devoted to methods of reading foreign 
maps and consider such matters as different types of signs and sym- 
bols, grid systems, scales and measurements, and index systems. 

Language difficulties, treated in Chapters 5 and 6, take up about 
one-third of the volume. Such objects as streams, hills, bridges, 
docks, and a hundred more may be indicated in the foreign tongue 
and, unless these words. are translated, the map cannot be fully 
understood. Few persons will be familiar with more than a few 
tongues, and if the map be in Japanese, Bulgarian, Árabic, or any 
one of a score of others, the difficulty of translating the legends may 
be great. To meet this need, Chapter 5 presents a glossary of the 
terms likely to be encountered on & map for each of 87 different 


languages. 
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Signs and symbols used ty`different language groups form, the . 
subject matter of Chapter 7; scales and measurements are treated 
in Chapter 8; and grid systems in Chapter 9. Certain characteris- 


c tics of the maps of the principal foreign mapping agencies are sum-, _ 


marized in Chapter 10,.and the final section includes a bibliography 
and a list of the chief catalogues and reports including maps of the: - 
. different countries. 
While the book may be used by the student to gain an'understand- 
ing of foreign maps, it will also serve as a constant reference work 
-even for the experienced professional map user. CARLO. DUNBAR. 
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án pue from -the Lower Miocene of South Dakota;. by 
, Aupen H. MILLER. University of California Publications, Bulletin ' 
. of the Department of Geological Sciences, vol. 27, no. 4, pp. 85-100, 

8 text-figures. Berkeley and Los Angeles, 1944 (University of Cali- 

. fornia Press, price 25 cents).— The author finds recognizable ten . 

‘forms among an exceptionally large number of avian fossils in the 
fauna from Flint Hill in the Lower Miocene of, South Dakota. Of 
these the new forms are Megapaloelodus connectens (new genus and 
species), first Tertiary flamingo to be found in North America, 
described from the distal end of the right tarsometatarsus and a 
crushed left femur; Dendrochen robusta (new genus and species), 
extending northward the range of tree-ducks, described from com- 
plete left humerus and distal ends of two additional humeri; Quer- 
quedula integra (new species). a teal, nearly complete right coracoid 
and left ulna; Ortalis pollicaris (new species), a chachalaca, proxi- 
mal third of left tarsometatarsus; Tympanuchus stirtoni (new spe- 
cies), prairie chicken, proximal third of left tarsometatarsus; Mior- 
iym teres (new genus and species), quail, proximal three-fourths of 
right humerus; Striz dakota (new species), a small owl “with a foot 
as thoroughly specialized as that of living owls,” described from the 
distal three-fourths of the right tarsometatarsus. Remains of a 
previously known duck (Paranyroca magna), a vulture (Palaeo-, 
_borus rosatus), and an indeterminate buteonine hawk alsó were. 
found in the collection. . _ 

“The fauna was deposited in a stream channel lens of gilt in which 
the remains of vertebrates were mixed and concentrated. ` Preserva- 
tion of the small bones of birds and mammals is excellent . 

“The fauna comprises, in addition to a group of North American 
types, an Old World element and a Neotropical element, each con- 
sisting of two forms, Several notable extensions of groups in geo- 
logical time are recorded. | 

` “Ecologically the fauna consists of aquatic and woodland facies, 
suggesting the, presence of large streams and lakes adjoined by ' 
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riparian woodland and perhaps fairly extensive woods or forests 
on the uplands.” 
The paper is illustrated with excellent line drawings. 
: B. C. BALL. 
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Studies in the. Anthropology of Oceania and Asta Presented in 
Memory of Roland Burrage Dizon; edited by Cameron S. Coon 
and James M. ANprews, IV. (Papers of the Peabody Museum of 
American Archaeology and Etknology, Harvard University, vol. 20.) 
Pp. xiv, 220; 10 maps, 7 figures and 20 plates. Cambridge, 1948 
(Peabody Museum, $4.50)—This is a collection of fourteen papers ` 
written by former students of the late Professor Dixon of Harvard 
University and prefaced with a biography and a bibliography of his 
works. Reflecting Dixon's interest in the ethnic history of the east, 
the articles are primarily concerned with racial and cultural move- - 
ments in a territory stretching from Polynesia to western Siberia and 
Arabia. 'The emphasis is upon physical anthropology, but the 
archaeologist and the ethnologist will also find much of importance 
in this volume. 

In the field of physical anthropology, there are articles on racial 
characteristics in Polynesia, Melanesia, India, Siam, Japan, and 
southern Arabia. The first two of these, by Harry L. Shapiro and 
W. W. Howells, should be particularly useful as summaries of the 
distribution of races in Oceania, as well as for their theories of 
migration. More provocative, perhaps, is James M. Andrews' dis- 
cussion of Siam, which departs from the general theme of the vol- 
ume to compare changes in body build among the Thai, Japanese 
immigrants into Hawaii, and New England college students. It is 
suggested that similar changes among these people may be due to 
the operation of similar evolutionary and environmental factors, of 
which nutrition is stressed. 

For the archaeologist, the volume contains two papers on Poly- 
: nesia, one on China and another on Siberia. Two of these are likely 
to be frequently consulted, Kenneth P. Emory's “Polynesian Stone 
Remains” because it summarizes the results of a comprehensive 
research program undertaken by the Bishop Museum of Honolulu, 
and James H. Gauls "Observations on the Bronze Age in the 
Yenesei Valley" because it makes available to western archaeolo- 
gists the findings of Russian research in.an area of key importance 
ior the diffusion of culture between Europe, China and possibly 
also through northeastern Siberia into the New World. Gaul's 
paper is also significant for his critical analysis of theories as to 
the origin of the so-called "animal style" of art. 

The areas discussed ethnographically include Rennell Island and 


Ela > `. 7 Scientific Intelligence. — . 


southern Bougainville in Melanesia, northeastern Australia, Mada- 
gascar and southern Arabia. Douglas L. Oliver contributes a pene- 
trating comparison of religious concepts in southern Bougainville, 
while Carleton S. Coon's summary of the present status of our 
knowledge about southern Arabia is noteworthy for its indications 
of relationships with India on zhe east and Africa on the west. 
Since Dixon himself was noted more as a scholar than as a field 
worker, it is surprising to find that the reverse is true of this volume. 
Several of the articles reveal an incomplete knowledge of other 
' research in the areas studied: for example, Frederick S. Hulse's 
discussion of "Physical Types among the Japanese," fails to take 
into consideration the recent work of Japanese archaeologists in 
Korea, Manchuria and Mongolia which has a direct bearing on the- 
ories as to the origin of the Japanese people. On the whole, how- 
ever, the volume is a fitting tribute to one of the greatest of Ameri- 
can anthropologists. l IRVING ROUSE. 


Clouds and Weather Phenomena; by C. P. J. Cava. ` Pp. 28; 42 
plates. New York and Cambridge, 1948 ('The Macmillan Co., 
$1.75).— Clouds interest everybody. Most people try to use them 
-as a means of foretelling the weather. Captain Cave of the Royal 
Engineers, who has twice been president of the Royal Meteorologi- 
cal Society, knows how to talk about them. Into a few pages he 
packs a surprising amount of information, and does it in a most 
interesting and effective way. The new edition of his little book on 
clouds should be left on the table with current magazines so that 
everybody aged eight to eighty may pick it up and then go outside 
and speculate as to whether the clouds are cirrus or stratus, altocu- 
mulus or cirrostratus. There will be diversities of opinion, but all 
will agree when the clouds are nimbus. ELLSWORTH HUNTINGTON. 


Spherographical Navigation; by. Disk Brouwer, Freperick 
Kxaron, and D. A. McMirreN. Foreword by Captain P. V. H., 
Weems. Pp. xxiii, 200; 21 figs. New York, 1944 (Macmillan Co.; 
$5.00).—This little book explains a small invention due to a big one. 
The big invention is the airplane; the small one is an improved way 
of using the heavenly bodies as à means of finding out where, one's 
plane is located. The new metaod, like the old, begins with measur- 
ing the altitude of a star, the sun, the moon, or a planet with a sex- 
tant, and noting the exact. time according to Greenwich. Then, ac- 
cording to the old method one went to the Nautical Almanac, searched 
in various tables, did some calculating, and finally obtained an answer 
in degrees, and minutes of latitude and longitude. The new method 
cuts out the calculating and simplifies the use of the tables. 

This desirable end is accomplished by means of a globe about 
seven inches in diameter with a surface on which pencil marks can . 
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dio be — and erased. ^ Attached to tlie globe, and snugly 
fitting it, is a moveable ruler pivoted on the poles. The equipment 
is completed by another curved ruler, like the first, but detached 
so that it can be placed at any angle and position, and by a drawing 
compass and a protractor, both of which are also curved to fit the 
globe. The authors say’that with these instruments and a sextant 
it is a matter of only a few minutes to discover just where a plane 
or ship is located, witli an error of no more than two minutes of 
. arc (about two miles). A skilled navigator can learn to use the 
device in a few hours, and a totally unskilled one in a few weeks with 
much greater ease than he corld learn the old method. 

The inventor of this spherographical method of navigation was 
Mr. McMillen, the third author mentioned on the title page. He 
worked with Mr. Anton Stuxberg, a Danish astronomer at the 
observatory in Sao Paulo, Brazil, but neither of them had the tech- 
nical knowledge necessary to develop their invention. Mr. McMillen 
remembered that his Yale professors had such knowledge. There- 
fore, he appealed to the University. Doctor Brouwer, Director of 
the Astronomical Observatory, and Professor Keator of the Depart- 
ment of Mechanical Engineering, were interested, and wrote this 
little book to tell people how to use the new device. The book 
begins with a good, clear account of the earth as a globe, the celes- 
tial sphere, and methods of plotting a ship's course. It ends with 

actual examples of the constraction of spherographs. 
ELLSWORTH HUNTINGTON. 


Soil and Plant Analysis; by C. S. Prrer. Pp. xiv, 868; 19 figs. 
New York, 1944 (Interscience Publishers, $4.50).—This book, a 
reprint of a monograph from The Waite Agricultural Institute, Uni- 
versity of Adelaide, South Australia, is a laboratory manual of 
methods for the examination of soils and tbe. ——— of the 
inorganic constituents of plants. 

Methods for measuring the properties usually saades in soil 
and plant analysis are presented clearly and in sufficient detail so 
the laboratory worker need not refer to the sources. However, 
selected references to the literature are given at the end of each 
chapter to facilitate checking original publications when that is 
desired. The methods presented are in actual use in the laboratories 
of the Waite Institute and are reported to give accurate and reliable 
. values for a wide range of soil and plant materials.  : 

. Two indices are provided, one for part 1 dealing with soil analysis 
and one for part 2. dealing with plant analysis. l 

The author has developed an extremely useful laboratory manual 
which will be appreciated by all who are concerned with the physical 
and chemical properties of soils or with determination of the inor- 
ganic elements in plants. H. J. LUTZ. 
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" ^ ' Kansas. Geological) Survey. ‘Bulletins, as. “follows: B2, Part 8. Coal Re- | 
25.57... sources of the Kansas City. Group, Thayer Bed, in Eastern Kansas; by 
ico 460^ ^ W. H. ScHoewe. 54. Exploration for. Oil and Gas in Western Kansas 
NU v2 . during 1948; by W. A. Ver Wiebe, " Lawrence, 1944. 


Fa + Mississippi Geological Survey. Bulletin, 58. Geology and. Grourid-water ^. 


— Resources of the Camp Shelby Area; by G. F. Brown; University, 1944. 
n Ilinois Geological Survey. Report of Investigations 'as follows: 91. An, 
— Annotated Synopsis of Paleozoic Fossil Spores and the Definition of 
2 7 :' ' « Generic Groups; by. J. M. Schópf, L. R. Wilson, and R.'Bentall. 97.. 
co. oro + Corals from. the Chouteau and Related Formations of the Mississippi - 
5. 7 . "Valley Region; by. W. H. Easton. Bulletin:No.'68. Some Addresses and 


+ org ? + ` > e x ae + 
i , : T te + t S 
> j -. 


Nr. o Papers presented on the occasion of the Dedication of tlie State Natural . 


X a . Resources Building, November 15, 1940, &nd The Illinois Mineral Indus- . 


a> l'i, a ' teles Conference, November 14-16, 1940: ' Urbana, 1944. 


2S7 2. New Mexico School of Mines. Bulletins: as follows: 19. "Manganiferous ' 
d M e 'Iron-Ore Deposits near Silver City, New Mexico; by L. P. Entwistle. : 


|. 7. '; 20.Stratigraphy of the Colorado Group, Upper Cretaceous, in Northern. 
' “+ v, New Mexico; by C. H. Rankin. Socorro, 1944 : 

sc 7, v. A Shorter History of. Science; by Sir 2s C.. Dampier, New York, 

E e 1944 (Macmillan Co, $2.00). - 

": '5^,. Dane's System of Mineralogy- Centennial Anniversary Issue ' 1844-1944. 

TE Vol. 1, Elements, Sulfides; Salfosalts, ‘Oxides. Seventh edition; by C. 


513.7 . Sons, 810.00). 
+ * Dictionary of Organic Compounds. Edited by I. M. Heilbron, et al. Vol- 
a `, ` ame I, revised. Price $80.00.. Supplements for Volumes ‘II and. IH, 
“2. o. + $1.00 each. ‘New York, 1944 (Oxford University Press). 
g U.'S. Geological Survey. 58 Topographic’ Maps.. 


Ca p — Cop, $500). 
sCi:.5* «New. Hampshire Mineral - Resource Survey. . “Part 8, ` gillimantte Deposits 
EE EC in Monadnock Quadrangle, New Hampshire; by K. Fowler: Billings. ' 


. A ^ "Price 810, Concotd, 1944. 
^ 2. +. Chemical Analysis, a :Serles of Monographs on Analytical Chemistry and - 
Dco dits „Applications. + Vol. IIL Colorimetric: Determination of: Traces of' 
INIT Mu Metals; by E. B..Sandell. New York, 1944 (Interscience Pub. Co., $7.00). 
PN Lp Magnetochemistry ; by. P. W. Selwood. , New More 1944 (Interselence. - 

"oe 7 + Pub. Co, $5.00). ^ - 
por CB Luminescence of: Liquids and Solids and its Practical Applications; by 
ieee 4 P and M. Vogel. New York, 1944 (Intersclencé Pub. Co., 

La? uu 00). s 

NONE -A New Manual for the Biology vota y B. R. Wemer and E. L. | 

Core. New York; 1944 (John Wiley & Sons; Inc.; $2.00). 
, Mississippi Geological Survey. Bulletin 57. Monroe County Mineral Re- 

t+ Bources, Geology; by F. E. Vestal. “Tests; by T. R. McCutcheon, Uni- 
"EET versity, 1948. 


^^ 5. ? Kansas Geological Burvey. Bulletin 58. MeLouth, Gas ud oi Field, Jet- ^. 
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ABSTRACT. The East Fork and South Fork.valleys of the Sevier River 
"roughly ‘coincide with the trend of the, Sevier and Paunsaugunt faults that 
outline the Sevier Plateau,, and mark borders of the Markagunt and Aqua- 
rius Plateaus. ' Along the faults, in the slopes and: escarpments produced 


Utah are exposed: the pink limestones' of the Wasatch formation (Eocene) ; 


the white tuffs and gray igneous conglomerates of the newly, recognized 


. Brian Head formation (Miocene ?); the widely Spread andesitic lavas; 


From south to north the. Wasatch limestones. and the overlying stratified 
pyroclastics of the Brian Head formation decrease. in thickness and the 
l igneous ‘conglomerates increase to thicknesses of “exceeding 1,000 feet. 


* Published by D of, the Director, United States Geological 
Survey. `. 
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General features. zoe wenns P p. o7 EP" 


by uplifts of 600 -to 2,000 feet, the Tertiary. rocks. characteristic of southern 


` and, in places, the gravels-of the. Sevier River formation (Pliocene ?). In . 
` Antimony Canyon,erosion has revealed J urassic and Cretaceous strata. 
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a e Y INTRODUCTION. 
URIN G the course of detailed field work in ilis TUN 
districts! brief investigations were made of the geologic 
features along the two major branches of the Sevier River: 


the East Fork between Antimony.and Widtsoe, and the South - i 


Fork in the vicinity of Panguitch. Within these valleys par- n 


ticular attention was given to the western flanks of the Aquarius 


' ' and the Sevier Plateaus, where, in consequence of large-scale 


/ faulting’ and differential uplift; the edges of the sedimentary 


strata and the extrusive volcanics are: displayed in normal - . 


bcn | 


' Dutton mapped i in broad. outline the structure and sedimen- ' 


tary formations in the region under review and discussed the 


^ character and extent of the pyroclastics and lavas. Gilbert 


studied the regional relations of the Sevier and adjoining Mark- 
agunt plateaus and determined the position and effect of the 


Sevier fault. In more recent years the geologic features of | 


, Antimony Canyon, particularly with reference to its economic. 


resources, have been described by Richardson, Butler ànd Dun- 


can. Specific — appear in the following pages. 


‘GEOGRAPHIC SKETCH. 


The topography of the district, which includes the upper 


. branches of the Sevier River, is essentially the same as that 
of the High Plateau of central Utah: huge, massive, cliff- 
bordered blocks of rock, tilted generally northeastward, 


', trenclied ‘by deep gorges, and. outlined by. faults of large dis- 


placement. At its western rim the Sevier Plateau; which lies 
between the Sevier fault and the Paunsaugunt fault, stands at 


an altitude of 10, 000 to 10,500 feet—more than 4,000 feet 
above the South Fork of the Sevier River at Panguitch. From 


this height thé plateau surfgce slopes for 18 to 20 miles to its 
termination at the Paunsaugunt fault where its edge is con- 
cealed beneath alluvium in the valley of the East Fork. Like- 
wise the précipitous western rim of the "Aquarius Plateau, which 
attains heights exceeding,10,500 feet, rises 3,500 to 4 ,000 feet 
‘above the valley at its base (see Figs. 1, 2.) 


In this region the ancestral drainage system, developed on 


Geol..Survey Prof, Paper 164. Gregory, H. E.: The EaunsdugunE region, 
U. S. Geol, ‘Survey Prof. ga (in ES 


| * Gregory, H. E., and Moore, R. C.: 1981, The Kalparowits reglon, U. S. E 
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sad surfaces iof: low relief, has don disorganized by regional. 
> andlocal viplifts, tilting, and faulting, and.the ‘lapsed time since ` 


.' the disturbances occurred i 18 insufficiert to have. permitted com- E 
plete readjustment. . In consequence. most ‘of the streamways 


are ed along their courses in “únsystematic” succession 
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| Fig. 2, " Generalized cross sections of the Upper ‘Sevier River valleys, based on maps 


of the Powell Survey. . . E 
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| are, narrow canyons, flat-floored 9 — ‘open’ valleys, ‘and val- ` 
^ "leys with steeply sloping sides.., da places the streams flow on 


E places on thick sheets of alluvigin; Because of ‘its location 
“near thé edge of the downthrowh block. of the Sevier fault, the 
iat Sóuth Fork of tlie Sevier flows: -past Panguitch i in a valley made 
` flat by thick lacustrine and stream deposits. that merge with' 
alluvial fans banked high along the base. ‘of the Sevier Plateau.’ 
On leaving the zone, of faulting” the river traverses the deep 
Circleville Canyon; then crosses the flat Circle Valley. Likewise 
, ‘the East Fork of the Sevier where it lies. near the’ Paurisaugunt . 
v fault meanders across flat lands between, low, walls of alluvium.. 

On its c course — ofithe. fault. the stream, traverses the narrow * 
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bare rock or on ‘rock ‘thinly coated; with. igravel and in,other . 
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Black Canyon, then in turn the meadow lands about de village | 
“of Antimony, the deep, rock-walled Kingston Gorge, and finally - 
an alluvial flat. The average gradient of the South Fork 
below the mouth of Red: Canyon is about 24 feet to the mile; 
‘of the East Fork below Widtsoe, 81 feet to the mile, but in their 
steepest stretches the gradients are as much as 120 feet to the 
mile. 
- Because of topographic control the form and gradient of the 


^^ tributary streamways is unlike those of the master channels. 


The western tributaries of the Sevier have gentle gradients; 
most of them flow in shallow trenches on bare rock. On the, 
other hand, the eastern tributaries occupy short, steep, narrow 
‘canyons that head abruptly at the plateau rims. Throughout 
their courses in the canyons Casto, Limekiln, Sanford, and 


- Smith Creeks, tributary to the South Fork, and- Birch, Cleaves, 


Center, and Antimony Creeks, tributary to the East Fork, have 
gradients of 400 to 800 feet a mile. The South Fork of the 
Sevier is through-flowing. Its eastern tributaries are perma- 
nent in their upper courses and at times of floods carry water 
across their, alluvial fans; ‘but, except for Panguitch Creek, 


which drains a large part of the well-watered Markagunt - 
The East 


Plateau, its western tributaries are ephemeral.. 
Fork, through Emery Valley and parts of Johns Valley, is 


8 intermittent ; the combined flow of a score of tributaries from 
: the back slope of the Sevier Plateau and the front of the 


Aquarius Plateau is, insufficient to maintain a continuous 
‘stream. At the head of Black Canyon the East Fork receives. 
contributions from the-spring-fed Deer Creek, and more from 
springs farther down the canyon. But the chief contributor 
to its waters is Antimony Creek, which occupies the longest, 
deepest, crookedest, and.most intricately branched of the can- 


` yons, that dissect the western flank of the Aquarius Plateau. 
Formerly the creek entered a lake where its waters, together 


with those of the East Fork of the Sevier, were ponded while 
farther north in Kingston Gorge a stream was sinking its chan- 
nel through the resistant volcanics of the DOM Plateau to a 
depth sufficient to provide a continuous outlet. 

As agents of erosion both forks of the Sevier River are rela- 
tively inefficient; they are chiefly engaged in "widening their 
runways in unconsolidated sand and gravels. In contrast, the 
streams that flow ‘down the precipitous fronts of: the Sevier 
and Aquarius plateaus are vigorously scouring bed rock, trans- 
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~ 
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in ‘the Upper ‘Sevier ‘River. - Valley: Ta Lu 


ae 


vO giro talus; and removing from’ their — the Bre 


. débris deposited during & previous -pliysiographic: cycle.’ ‘Their 


> -work is facilitated by the flash floods and seasonal floods that ` 
| erica the stream ‘runoff 'i in the High Plateaus of Utah: 


- The plant life in the upper, valleys of the Sevier River is that 
" characteristic of ‘the ragged plateau lands of -central Utah. 
The types of vegetation are: related to altitude and the con- 
_ sequent range in temperature and amount of precipitation, but 
the norma] zonal arrangement is much modified by the condi- 
tions of insolation imposed by the height and position of canyon 
walls, the erratic distribution of perennial streams and springs, 
and the wide range in altitude vof areas of bare rock and fertile 


soil. . The complex vertical . and ‘horizontal árrangement of: 


' gorges, stream flats, slopes, cliffs, and plateau tops naturally 
provides local habitats with little regard to contour lines. At 


altitudes above 8, 000. feet the most common trees are yellow 


- pine, replaced at.the highest levels by spruce and fir." Beauti- 
ful groves of aspen and scattered clumps of manzanita, moun- 


tam mahogany, and shrub oak are common. : Interspersed with : 


-the pines and extending to altitudes below them, widely ‘spaced 


- junipers ‘and pifions stand in fields of vigorously growing sage . 


brush. In the lower valleys sage brush, rabbit brush, and 


introduced wéeds are dominant, and immediately along water , - 
courses box elder, birch, willow, cottonwood, clematis, grape, 

| and: “bullberry.” In distribution the Vegetation is *patchy." .: 
'Expanses of matted grasses, of sod, and of closely spaced trees : 

` mingled with dense underbrush are ‘small and raré. On the. 

' broad glaciated summit of the Aquarius Plateaw treeless glades, 


hundreds * of acres in Area, are features: of \thé forest lands. 


Most of the canyon walls and many steep slopes are substanti- . 


` ally ‘bare of vegetation (see. Pls. 1, 2; 4, 6).- 

= Thè region that includes the upper valleys. of thé ses 
River'is primarily “stock. country." During the summer 
nionths the cattle and sheep: find palatable brush, grasses, and 


. weeds on the’ highlands and. the natural meadow lands along ' 


streams. When ‘snow “covers: the ground the livestock either 
return to the home ranches where hay is provided, ór migrate 


to the-warmer lowlands along the. Colorado River. To con- 
serve. forage, most of. the Sevier, Aquarius, Paunsaugunt, and' 


Markagunt plateaus i 18 included in the Powell National Forest. 
Hor general agriculture ‘the conditions are uúfavorable. The 
growing season 18, „shòrt, the E GOR smali and erratically 
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uw 


“distributed ‘i in time and place, dnd the surface ‘punof, wa 
from melting snows, supplies few streams with water sufficient’ . 
. for profitable irrigation. At'Panguitch. the average period 


J growing season is 72 days, the annual rainfall 2 18 inches—in 
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| . ranch homes along the base of the Aquarius Plateau, dlong San-. - 
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without killing frost is but 80 days (June 15- -September 8) ; 
the mean annual rainfall is 9.69 inches. At Antimony the. 


some years less than 5 inches. `, 
Irrigation farming is profitable at Panguitch, where 8, 850 


acres are watered by 3 canals leading from Panguitch Creek 
“and the South Fork of the Sevier River; also: at Antimony, 
‘where the run- -off from Antimony Creek and East Fork of the 


Sevier makes possible the irrigation of 2,557 acres, given over 
chiefly to the ‘cultivation of potatoes and forage crops. At 


ford, Sweetwater; Horse, Birch, Branch, and Center creeks, -a 


few acres are “under ditch” but irrigated lands at:the mouths 
.of Casto, Limekiln, Sand, and Smith Canyons, and in Emery — 
Valley and Johns Valley, have been abandoned, and attempts 


v c. to'develop dry farming at Henderson resulted in.costly failure. 


The only mineral of economic importance is stibnite, which 


^. has been mined penu since 1880 without. substantial 


puer 
| —— 
. General Relations. 
Most of the consolidated sedimentary rocks in A ‘upper 


'". valleys of the Sevier’ River are ‘representatives. of well "known 


Mesozoic and Cenozoic formations: that characterize the 
plateau province: -Shinarump conglomerate and 'Chinle (?) 
formation of Upper Triassic age; Navajo sandstone of Juras- 
sic (?) age, Carmel formation, Entrada sandstone, Curtis (?) 
formation, and Winsor (?) ‘formation of Jurassic age; 


y t 


~ 


. Dakota (P) sandstone and Tropic formation of Upper Creta- 3 


ceous age; and Wasatch formation of Tertiary age. - In addi- 


` tion to these widely: exposed stratigraphic units measured sec- 


tions include tuffs, igneous agglomérates, breccias, and flows 
that’mark the southern border of the large Tertiary volcanic 


field of central Utah: These interbedded lavas and proclastics 
_ conform in regional attitude with the ordinary sedimentary 
strata and thus in the development of the topography have. 


exercised no peculiar control. The partly consolidated sediments 


. include the Seyier River fonmauohe of the late Pliocene or early . 
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. ` jumbled débris.of: alluvial, fans piled : at 
_ Sevier and he Aquarium: pla teran; — oe : 


| iem and Duncan." zd 


s ee án the: Upper Sevier: Dor Valley." 3 i 20888 + 
 Plásticene' ‘age,’ Pleistocene ‘drift ‘and: lacustrine oe and 
` Recent stratified sands “deposited” alon p streams, and, the 


e — bases of the - 


$ i a l — Jt "E 1 e 4^ o a F i : — E : J ^ 
- E — ‘DEPOSITS: pose ree ee 

— the upper de at the Sevier River, — of. 
' Triassic, Jurassic, and Cretaceoùs i age are exposed only ‘at the - 


northwestern’ edge of the: Aquarius Plateau wherein an area of ' 


‘about 6 square miles they- ‘form the walls. of Antimony Canyon 
and its many branch gorges. ‘The ‘rocks i in this small area are 
peculiarly isolated ; -the nearest of corresporiding age lie north- ,- 
east of the Aquarius, south of the Paunsaugunt, and west of the 
| Markagunt platéau at distances of'85 to 70 miles (see Pl. 3). 
The geologic - „features «of: Antimony. Canyon . have been , 
- described i in generál terms by Dutton? and' more recently with 
, particular reference to mineral resources es by Richardson But- ae 


> Dutton states: CU. 


' The northwestern angle of: the Aquarius is laid open b an im-: 
_mengé gorge. ` A mass of lavas and conglomerates more than 2,000 .. 


feet thick is revealed; and beneath them the Tertiary. Near the. 
_ opening of this gorge the: Grass Valley | fault, [northern extension — 


of the Paunsaugunt uz ents, ACTOSS - it throwing down. the' plat- 
form to the west. Wu qu ug 


In agreement ih Dutton, — — the sedi- 
ments in Antimony Canyon to the Tertiary—a conclusion 
‘adopted also by Butler. and his associates. ` In his: pioneer 
repor on the ore deposits, Richardson writes: 


L 


* Dutton, C. E.:"1880, Report on the geology of the High Plateaus of 


., Utah; U. S. Geog., Geol.- Sürvey- Rocky Mt. -region, pp. 299, 295. . 


" *Richardson; G. .B.:. 1908, Antimony in southern Utah; U. S. Geol.. 
Survey Bull. 840, pp. 258-256. = 

‘Butler, B. S., and others: 1920, The ore deposit of Utah; U. 8. Geol, 
Survey Prof. ‘Paper 111, pp. 561-568. 

Duncan, D. C.: Antimony ‘deposits mn Antimony Canyon, : Ganea” 
sa Utah; U..S. Geol Survey; manuscript on file. 

*'Ihis gorge is shown on Dutton’s maps as Mesa Canyon. To the pioneer 


' * "settlers it was knóyn es Coyote Canyon and the-town site near its mouth, 


Coyote. In recognition of the mining interests, the postoffice .at Coyote: 
was renamed Antimony p and" this D is -now garmig applied . 


_ also, to the canyon: E. Lx o l i 
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At the base of the section there is 150 fei 
composed of- rounded pebbles of quartz and | 
in diameter, in a sandy matrix. The cong 
` a, great mass of fine-textured buff and. reddi 

«ordinate drab and red' sandy and clayey’ 
limestone, amounting in all to: sevéral hun 
No fossils hàve .béen found in these rocks 
| y Tithologic regemblance to Eocene strata els 
+ Fegion ed are prose referred to that 


“The — by Duncan; though — 
ment of the occurrence, quality, and pote: 
"tation of the stibmte ores, includes a me 
exposed rock. units in which appears 1,5( 
"sediments, not previously recognized. - Ir 
, seriés of massive sandstones and: thin-bedd 


| and’ limestones classed as undifferentiatéd 


includes arehaceous' a and caléareous strate 
to sheets of ' lava. Regarding these ; 
“remarks u | "1 

The Jurassic beds are unconformably ove 
red, buff, and gray sandstones and shales, gi 
ate and light-gray limestone, which totals a 
These beds were considered to be of- Eoce 
and. are probably ‘equivalents ' of the Wasa 
recognized in nearby areas. The known an 


: area dre confined to à sandstone and shale. zol 


near the middle of the formation. Middle 

rocks mostly dénsé acidic flows, with some a 

overlie the, Wasatch (?) formation. The vole 
“to! be about l ,000 feet Wiese ES 


"Thus Duncan, — tlie conclusion 
Pos recofds «thick Tertiary but no 
- However, beds of Cretaceous &ge— possi 
.age-—are present,’ and Tertiary rocks othe 
believed to ‘be absent. In brief, the Mesoz 


walls of Antimony as eet: are. character 


Upper Triassió Stráta 


"e conglomerate exposed in the walls: o! 
E southern tributary to Antimony Cree 
the rock elsewhere recognized as the SA 


f 
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Plate 1, View looking across the upper East. Fork Valley in the vicinity 
of Widtsoe. Flat land developed by the deposition of alluvium on 
maturely eroded surface of Wasatch formation Altitude 7,000 feet. 
Vegetation chiefly sage, annual compositae, and (near the stream ehan- 
nel) yellow pine. Photograph by U. S. Forest Service, 
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Plate 2. A park in the Powell National Forest, Aquarius Plateau, near 
the head of Antimony Canyon, altitude 10,000 feet. The surface has 
been scoured by glaciers. 
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Plate 3, View of formations exposed on the northwest face of Aquarius Plateau 
near the mouth of Antimony Canyon. Je, Entrada sandstone; Jew, Curtis and 
Winsor formations; Kd, Dakota (*) sandstone; Kt, Tropic formation; Tbh, 
Brian Head formation. Lavas, ‘Tertiary andesites that form the top of Aquarius 
Plateau. Photograph by D. €. Duncan. 
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Plate 4 Entrada sandstone and overlying Curtis (*) for- 


mation in the north wall of Antimony Canyon. 
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Plate 5. ‘Typical view of the Tropic formation near the southwest rim 


of Antimony Canyon, 
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Plate 6. Strata exposed in the wall of Casto Canyon, Bedding 
and style of erosion is characteristic of the pink limestones 
in the Wasateh formation, 


ta 


in the Upper Sevier River Valley. 585 


and in texture and composition it is unlike thé other coarse- 
grained rocks in the Antimony region. Its coarser parts con- 


sist almost wholly of smoothly rounded quartzite and quartz ` ` 


pebbles 1 to 5 inches in diameter embedded in quartz sand and 
gravel; its finer parts of short lenses of stratified sandstone. 
Fossil wood seems to be absent. The conglomerate lies within 
a zone traversed by a series of roughly parallel fractures and 
its contacts with beds below ‘and above, both concealed, are 
probably fault planes. ` ! 

On both sides of Antimony Creek near the mouth of its can- 
yon, strata, possibly Upper Triassic in age, are pressed tightly 
against a lofty ridge of sandstone. In a gully north of the 
creek the outcrop is a sequence of varicolored shales and sand- 
stones that dips westward at angles of 80° to 50° and consti- 
tutes a block between faults; on the east it is in contact with 
massive red sandstone and on the west with sheeted lava. 
Roughly the exposed rocks are divisible into three groups of 
beds; brown and tan, thin bedded sandstones (at the base); 
red arenaceous shales; and greenish argillaceous shales. But 
within these groups color, composition, texture, and style of 
bedding are not persistent. In places the brighter colors 
appear as blotches and streaks; some beds otherwise uniform 
in texture include flakes and concretions of clay and aggregates 
of gypsum crystals. The beds at this small isolated exposure 
lack features clearly recognizable as diagnostic of any forma- 
tion known elsewhere, and in the absence of fossils and of for- 
mations in normal stratigraphic sequence above and below their 
age is uncertain. Their component shales and sandstones would 
not be out of place in the lower part of the Chinle formation, 
which in Utah is highly variable in content, and as they lie 
in a zone of cross faulted strata they possibly may be frag- 
ments of Chinle oriented in some undetermined fashion. How- 
ever, the structural relations indicate an age younger than the 
Triassic. The'beds are on the downthrow side of a fault, in con- 
tact with the upthrown Middle Jurassic (?) Navajo sandstone 
and may therefore be downfaulted fragments of Upper Jurassic 
formations, which, like the Chinle, includes rocks widely diverse 
in composition and origin. 


Middle Jurassic (?) Strata. 


The deposits classified by Duncan’ as undifferentiated Juras- 
* Duncan, D. C.: op. cit. s 


Con dl BOE formations. At its western edge. the Carmel stands in ver": 
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T — a unit identifiáble as the ‘Navajo sandstone. Its ‘physical features 


MTM substantially ‘duplicate those displayed by. the: Navajo else-* 


vs where in the Colorado plateau province ‘arid described i in many * 
cu. geologic reports. It '18'a massive, ` thick-bedded; in large part... 


"UU  cross-bedded, stratum,’ composed essentially: .of cleanly, washed; 


“small, spherical quartz grains, uniform in size and. weakly - 


I pA . - cemented: by calcium carbonate and iron oxide. -It includes a. 


¿few thin lenses. of, calcareous silt and scatterd fragments. of | 


s d i * magnetite end ‘metamorphic mineràls., ; Unlike its ustal att 
x "tude—a flat-lying bed terminated by.cliffs—the Navajo ‘sand- | 
E m E. stone in ‘Antimony Canyon stands nearly vertical, ‘forming al 


high; narrow ridge through which- Antimony. Creek has cüt à 
. deep gorge—s conspicuous scenic feature of the local topogra-.- 
has. From its crest. the ridge. descends : precipitously 600 .. 
^ fedt to. the-flat lands along lower Antimony Creek.. Eastward : 
E a it slopes steeply. downward 500 feet to Black J ack. Creek, along. 
"s i which the relatively soft Upper Jurassic rocks have been worn. 
' into ‘gullies,. rounded ridges, and low rock terracés. The sand- : d: 
. stone mass. is borderéd by faults of large displacement and. | 
* 3 "erossed. and- recróssed by minor fráctures “BO:  close-spaced 
et) and snsysteinaticelly orientated that. Much, of the pee seems E 
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E a A - Upper Jurassic. Formations. í 
ERE da A‘ntiinony Canyon, rocks of Upper Jurassic. age “include. 
¡=> the Carmel formation, the Entrada ‘sandstone, and.an undiffer- 
M i -entiated unit that probably represents the Curtis and the Win-^- 


2.7 tical position in: fault contact with the Navajo sandstone and: 
"d. elsewhere dips steeply. eastward... Likewise the other. Upper | 


» 2 E , J'urássie formations are upturned along’ their western edges at 


Ue a ted sandstones and green, gray, and: ‘maroon shales.: ` pu 
i - The. Entrada ne ee meagerly RD 18d very 


angles of 5”.to 30? but. gay conforín with the GO, 

: northeast dip ‘of 2° to 5°. RE 
| ES . The Carmel: formation, i in addition to its dated com- 
(s. pact, gray-blue marine limestone and- interbedded hard cal- 
— careous shales, includes more, than the usual “amount. of thin- " 


i 


* * 
^ ü + * [ a ^ +" 
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‘sic, in Antimony ‘Canyon include “white, gray, and tan — E | 
itie sandstone’... 950 to. 1,200 feet. thick"—a. stratigraphic " 
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'fossils of Jurassic age." 
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conspicuous ian drapie unit: its edges are displayed as ver- 
tical cliffs decorated by grooves and columns, and its color— - 
deep red streaked with yellow—strongly contrasts with the 
gray of the formations above and below. The sandstone is | 
arranged in thin, somewhat irregular beds, more evenly foliated 
near the base, and consists dominantly of fine quartz grains 
weakly cemented by lime and iron. Irregularly interbedded 
are lenses of gray white and - greenish calcareous, slightly gyp- 
siferous sandstone which on weathered slopes project as shelves 
(see Pl. 4).' Thus parts of the Entrada in Antimony Can- ' 
yon resemble the generally massive cliff-making sandstone of 
like age in the Waterpocket fold and along Glen Canyon and 
other parts the strata in the Parunuweap and Virgin Valleys, 
which are remarkably uniform in composition and bedding and 
contain much'gypsum. 

The Jurassic sediments above the Entrada sandstone are 
thought to represent the Curtis and the Winsor formations, 
though in general appearance they are unlike either of these 
formations as expressed elsewhere and no persistent features | 
serve to mark a division plane between them. The lower part 
of the undifferentiated unit contains the roughly bedded sand- 
stones, thin hard limestones, and lenticular conglomerates com- 
monly present in the Curtis, but lacks the thick beds of gyp- 
sum which generally in Utah constitute the bulk of the forma- 


- tion. In the middle part lenses of fine conglomerate, cal- 


careous nodules, and other minor features of the typical Win- 
sor are recognizable but no duplicates of the remarkable color 
banding, the uniformity of bedding, and the peculiar basal con- 
glomerates that characterize the formation at its typical expos- 
ures. In the upper part the style of bedding, the texture, and 
the composition resemble rare features of the Winsor formation 
in the Zion Park region. 

Fossils in the Upper Jurassic beds in Antimony Canyon are 
representative of the Carmel and the Curtis (?) faunas. In 
collections from arenaceous limestone beds near their contact 
with the Navajo sandstone, John B. Reeside, Jr. found a Car- 


mel fauna: “Ostrea strigilecula White, Pleuromya sp., Trigonta - | 


cf. T. americana Meek, Dosinia jurassica (Whitefield) ?, and 
Camptonectes stygius White” and recognized broken shells in 

lenticular gray limestone above the Entrada sandstone as “frag- 
ments of Camptonectes sp., Ostrea 8p. Pinna sp., and other 
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Cretaceous Formations. 


`The Cretaceous strata in Antimony Canyon are prominently 
exposed. Along Antimony Creek and 10 or more tributaries 
they combine in, forming cliffs and steep slopes little encum- 
bered by talus and dense vegetation and because of their light 
color they are readily distinguishable from the nearly black 
igneous rocks that mark their upper limit and the dark red 


Entrada sandstone near their base. In distant view the upper 


half of the Cretaceous slopes appears to be wholly shale and the 
lower half shale irregularly interbedded with thick sandstones 


and throughout the exposure the bedding indicated by. slightly. 


projecting benchés or faintly outlined by color seems to be 
regular. However, closer examination shows that shale, thin 
sandstones, and thick, massive sandstones are unsystematically 


“interbedded, that in all classes of sediments few beds retain 


their individuality for as much as 1,000 feet and that in addi- 
tion to quartzose, argillaceous, and calcareous sandstone, the 
unit includes arenaceous, gypsiferous, calcareous, and rarely 
carbonaceous shale, limestone, bentonite, and conglomerate, all 


+ 


— 


commonly in lenticular beds. "Thus in general appearance the 


Cretaceous rocks in Antimony Canyon are unusual, but in vari- 
ety. of sediments and style of bedding they closely resemble the 
Dakota (? ) sandstone and the Tropic formation which make 
up the lower part of Cretaceous sections in adjoining parts of 


Utah. Outstanding differences are the color tones and the 


scarcity of carbonaceous material In Antimony Canyon the 


_ Cretaceous rocks are green-gray, yellow, and light tan, in con- 
trast with drab, brown, and dark gray common elsewhere; a- 


few carbonaceous sandy shales that contain partly carbonized 
plant fragments, and a reported “layer of muddy coal” are the 
meager representatives of the many coal beds in corresponding 
positions at other Cretaceous outcrops. Another noteworthy 


feature is the absence above the Tropic ‘formation of thick | 


strata like the Wahweap and Straight Cliffs sandstones, and ` 


the Mesa Verde and Kaiparowits formations—a group of units 
that 40 miles distant in Paria Valley make up the topmost 
2,000-8,000 feet of the Cretaceous deposits. These. ‘absent 
strata are believed to have been worn away during a long period 


: of denudation that removed also the overlying Tertiary’ lime- 


stone of the Wasatch formation (see Pls. 8, 5). 


In contrast with - -their abundance in the Jurassic strata, 


i 
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Reeside noted, . 
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fossils in the béds of Cretaceous age. of Antimony, Canyon are 


extremely rare. They were found only in a few lenses of cal- 


careous, speckled black and gray sandstone 10 to 30 feet above 
the conglomeratic Dakota (?) sandstone and include no com- 
plete forms. In the collection submitted for determination 


“a number of fragmentary specimens of a gastropod that suggest 
Pachymelania chryssaloides White, of the early Upper Cretaceous 
Bear River formation of southwestern Wyoming [the equivalent of 
the Dakota (?) and the lower Tropic formation in Utah]. I have 


compared tlie specimens with the various Coniobasis of the Eocene. 


It does not match any of them." 
^ TERTIARY FORMATIONS. 


Composition and Relations. | Except for the Triassic ( 47 
Jurassic, and Cretaceous rocks in Antimony Canyon, the con- 


_solidated sediments along the upper branches of the Sevier ` 


River belong to the Tertiary and Quaternary systems. In 
ascending order they comprise the Eocene Wasatch formation ; 
the Miocene (?) Brian Head formation and overlying sheets 
of igneous rock; the late Pliocene or early Pleistocene Sevier - 
River formation; , Pleistocene silts and marls; and Recent 
alluvial stream terraces and fans. Of these stratigraphic 
units’ the Wasatch, the Brian Head, and the lavas extend 


" without interruption into the regions outside of the Sevier 


valleys, the younger formations are restricted to areas where 
d control has. been favorable. 


, WASATCH FORMATION. (Eocene). 


Along tributaries to the upper Sevier River the Wasatch 
formation consists essentially of thick bedded, fresh-water, pink 


_ limestone which generally at its base and sporadically above 


includes lenticular conglomerates of well-worn quartzite, chert, 
and igneous pebbles. In general appearance, in .composition, 
texture, color, and manner of erosion the bulk of the formation 
differs little from rocks of this age in adjoining regions. Its 
exposures in Casto, Limekiln, Sweetwater, and Horse Canyons 
substantially duplicate those in Red Canyon and in the Pink 


` Cliffs of the Paunsaugunt and Markagunt plateaus which have 


been mapped and described in detail? Differences concern: 
* Gregory, H. E.: The — region, Utah; U. S. Geol. Survey . 


‘Prof. Paper [in preparation]. - 
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‘a d 


| ated a dieti its: extent, it ‘relation to auperjácent Jomba — 
— E , hg origin and composition. of its upper part—the so- -calléd white 

doe "Wasatch.: Northward, from the latitude, of Widtsoe oh "the." 
CC n hast Fork and from Casto. Canyon ¢ on the South Fork; the pia 
5 D T limestone of the Wasatch: rather rapidly decreases. in’ thick: | 


M em / 
EN ON ; hess ; E thewhite limestone, beds become more and more siliceous:- ES 
lo 


dote ey den and. even tuff&cebus until: they are indistinguishable- from tlie 
SEM dominantly pyroclastic Brian -Head forniation. | Regionally ` 
4. S v the upper part, known. as the white Wasatch, and the equally 
— " white lower part of the Brian, Head formation occupy the same ` 


SUR 
4 


Ns E 5 stratigraphic position.. "Characteristic d of the Wasatch | 
— formation are shown in Pl 6. . ^c. - — [ue 
roe "Along the Paunsaugunt fault which marka the. "western dg 


ge D EN cof the uplifted Aquarius Plateau the: thick-bedded “pink lime- ta S 
E EM - stone of the Wasatch in Sweetwater ‘Canyon is about ¡1 1005. .' 
— oe «feet thick: above it hes about 400 feet. of -white almost: pure | E 
Ee '. limestone i iri thin-uneven: beds.. Northward i in Horsé and Birch ` 
x , Canyons. the. exposed. ‘pink limestone of the Wasatch is 520 feet - T 
Qc thick and the so-called white, Wasatch, here highly siliceous and ` 
2 D ^.^" Fch'in chalcedony, 120 feet thick. At Cleaves “Gulch the cor- , 
3 we v: responding, units are respectively 70 + feet and. 180 . fegt.. E 
| ; Farther. north. along, tlie edge of ' the Aquarius Plateau the, + 
e. A A Wasatch, if present "beneath the alluvial fans, doubtless con- 
— à. E tinues to decrease in thickness, for in Antimony Canyon both ` 
“the pink limestone’ and the overlying siliceous white rock are ‘> 
ES ‘absent; igneous: congloméráte and- lava immediately. overlie Un 
PEE ^ Cretaceous: shales. Likewise west of «the Paunsaugunt fault ° ul 
— the thickness of the Wasatch’ decreases northward from 1 800 
Mat Bryce, Canyon to about 800 feet i in, Prospect Canyon. .. Still 
" F — farther, north; none is exposed in the canyons that trench: the. 
LP er eastern slope: ‘of the Sevier Plateau- and in Kingston Gorge,.. 
Bd “u ‘where the East Fork of the Sevier has cut a trench.over 1,000 ... 
e feet. deep, only ï igneous rocks are in sight. "These stratigraphic ats 
inae du ^ relations. of, the Wasatch "along the. East Fork of the Sevier. . 
i — — . Rivér are duplicated along the South Fork in the ‘upthrown * vu 
DE F . “block of the Sevier fault. In the. walls and upper. slopes of 


! 
t 


a . Casto Canyon the pink limestones of the Wasatch and the. white - | 
"m * | a siliceous shales above- them attain a combined thickness of about 
D T ^1,600 feet, then thin rapidly northward across Petersen, Lime- E 
275i. , kün, and Sarid canyons and:are. not: represented in Sanford; | 


‘Smith,’ or Bulrush | — nor farther north in the deep: ° 


\ | L 
in the U pper Sevier River Valley. 591 


Circleville or Lost Creek canyons, which are walled in by pyro- 
clastics and lavas. Callaghan® states that “no rocks assigned 
to the Wasatch formation crop out in the.Marysvale region.” 
This decrease northward in exposed thickness of the Wasatch 
is in part due to its northward dip, which is greater than the: 
inclination of the bordering valleys, and in part to shearing 
by faults, but in geom part it is probably the Record of 
erosion. 

It thus appears that within the area occupied by the north- 
western Aquarius, the northern Sevier Plateau, and the adjoin- - 
ing Awapa plateaus and the ‘Tushar Mountains, the Eocene 
Wasatch sediments if ever present had been erased by erosion 
before the middle Tertiary igneous conglomerates and lavas 
were laid down. It seems worthy of note that the plane—in 
places an unconformity—that separates the calcareous sedi- 
ments and the volcanics dips northward and northwestward 
while the lavas and accompanying beds of-igneous conglom- 
erates lie nearly flat. As if to maintain a umform combined 
thickness, the volcanics progressively thicken to compensate 
for the thinning and final disappearance of the limestone. 
Their regional distribution suggests that the older volcanics 
in Central Utah spread southward from a source in the north- 
western Sevier Plateau and the adjoining Tushar Mountains— 
areas in which Tertiary non-volcanic sediments are largely lack- 
ing and latite and related lavas, tuff, ash, volcanic breccia, and 
igneous agglomerates are piled to depths exceeding 3,000 feet. 


BRIAN HEAD FORMATION | Miocene (?)]. 
General Features and Relations. 


Generally along the upper branches of the Sevier River 
wherever all the Tertiary formations are exposed, the con- 
spicuous pink limestones of the Wasatch are overlain by an 
equally conspicuous series of white, calcareous, and siliceous 
shale-like beds and in turn by gray, igneous agglomerates 
which in places form the surface of the plateaus and i in other 
places extend upward to capping sheets of black lava. ` On the 
Paunsaugunt and the southern Aquarius plateaus the white 
strata immediately below the conglomerates are essentially lime- 


° Callaghan, Eugene: 1986, Volcanic sequence in the Marysvale region, 
Utah: Am. CITODAYPICAL Union Trans. for 1989, pt. 8, p. 441. 
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stones; some of them wholly calcareous, others more or less 
siliceous. On the Sevier, the northern Aquarius, and the cen- 
tral Markagunt plateaus equivalent strata consist chiefly of 
voleanic ash, tuff, and highly siliceous limestones and contain 
much chalcedony. Naturally these conspicuous tuffaceous 
beds—in places brightly colored and beautifully carved— 
attracted the-attention of Dutton,’ who treated those exposed 
in “Sanford Canyon” (Limekiln Gulch ?), and Kingston Gorge 
as records of volcanic activity and the beds elsewhere in the 
Sevier valleys in the same stratigraphic position and more or 
less similar in composition as “lacustrine limestones”-—the 
“upper white limestones and calcareous marls” ... “the summit 
of the Bitter Creek Group” (Wasatch fomato in part). 
" Dutton" writes, 


[At Sanford Canyon] the strictly eruptive part of the [Sevier] 
Plateau ends, and the continuation of it southward is composed of 
Tertiary beds of the Bitter Creek group, overlaid by an enormous 
mass of volcanic conglomerate. Between the two are thin layers 
of those fine-grained marls and sandstones which have been derived 
from the decay of ancient lavas, and which were evidently deposited 
in water. Of the age of these intermediate beds it is possible to 
say but little. They are apparenly conformable to the Bitter Creek 
below, but the conformity is no proof of continuity of deposition, 
They contain no fossils..... Veins of chalcedony and agate. often 
cut the beds, and the fragments strew the soils and badland at the 
foot of the cliffs. 


In more recent reports on the southern High Plateaus the 
white strata that generally overlie the pink limestones and 
include pure calcareous silts, siliceous limestones, calcareous 
sandstones, and volcanic ash have been treated as a phase of 
Wasatch deposition. In the present paper these stratified beds 
are classed as the lower part, and the coarse igneous conglom- 
erates above them as the upper part, of the Brian Head forma- 
tion, tentatively considered Miocene in age. The name is 
derived from Brian Head, a prominent projection of the Mark- 
agunt Plateau near the Cedar Breaks National Monument. * 


1? Dutton, C. E.: 1880, Report on the geology of the High Plateau of 
Utah: U. S. Geog. Geol. Survey Rocky Mt. reglon, pp. 78-14, 158-159, 108: 
237-288. 

"Dutton, C. E.: op. cit., pp. 287-238, 78-74. 

“Gregory, H. E.: Geology of eastern Iron County, Utah; U. S. Geol. 
Survey Prof. paper (in preparation). 
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Plate 7. General view of the Brian Head formation at Hancock Bluff on 
the rim of the Sevier Plateau. Brightly colored stratified siliceous 
lime silts and pyroclasties are overlain by igneous conglomerates. 
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Plate 5. Upper part of the Brian Head formation at Casto Bluff. White tuff 
and voleanie ash in regular beds are overlain by andesitie breccia and lava 
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Plate 9 Detailed view of the upper part of the Brian Head formation 
in Black Canyon along the Fast Fork of the Sevier River, 





Plate 10. Detailed view of the lower part of the Brian Head formation 
in Limekiln Gulch. The thin-bedded, white, gray, and green pyro 
clasties and lenses of chalcedony are intricately eroded, 
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" Examination of the Brian Head formation within the drain- - 


age basin of the upper Sevier River shows considerable varia- 
tion in composition and arrangement of beds (see Pls. 4-10). 
Along the southern rim of the Sevier Plateau and the western 
rim ás far north as Sand Wash both the bedded lower part and 
the conglomeratic upper part of the formation are continuously 


: exposed in the upthrown and in places the downthrown block 


of the Sevier fault. North of Sand Wash only conglomeratic 
rock is exposed, but in such, thickness (500 to 1,000 + feet) 
and such intermingling of fine- -grained, bedded, and. massive 
rock as to give the impression that the two classes of sediments. 
inter-grade and that finally the ash and tuffaceous deposits dis- 
appear. At Casto Bluff? and nearby headlands the lower part 


of the Brian Head formation is displayed as brightly colored 


slopes that weather in badlands fashion—mounds, grooved hil- 
locks, rounded ridges, spires, and columns. As described by 
Norman C. Williams, Field Assistant, | 


“it consists of four dominant types of water-marked sediments: (1) 
fine ash, (2) a mixture of sand, ash and products of disintegration 
of moderately crystalline volcanics, (8) pumice conglomerates, com- 
posed of well rounded pumice fragments ranging up to 4 inches 
in diameter embedded in a matrix of sand and ash, (4) stream and 


' . channel deposits consisting of conglomerates composed of well 


rounded quartzite, chert, and “rotten” rhyolite, granite and ande- 
site pebbles; pure homogeneous. sand, some of it crossbedded; 
exceedingly pure, thin clay lenses; and mudball conglomerates.” 


The black and white banded beds include lenses of magnetite 
and other heavy minerals, partly decomposed feldspar, con- 
spicuous as white chunks. Some of the pink clays minutely 
interbedded "with white ash resemble varves. The contact of 
the soft variegated Brian Head with the dense pink limestone 


- characteristic of the Wasatch, though abrupt, appears to be 


v 


: gradational. A few feet below the contact the: limestone 


includes thin lenses of green shale in which the dominant calcite 
is mingled with subangular quartz grains (10+: ‘per cent), feld- 
spar, biotite, and limonite.: 

At the,head of Petersen Canyon and in Limekiln Gulch the 


3 Casto Bluff and Casto Canyon were named for a pioneer Settler, Abel. 
N. Casto. On some maps ths word is misspelled “Castro.” . 


‘Aw. Jour. Sor.—Vor, 242, No. 11, Noni, 1944 y 
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“Brian! Head ` "corisists Ghiéy of: “white, ‘Bray, ahd” gieën well, AS 
Pi stratified, ¿coarse “marls” but includes gray sandstone ;* lenses ^ 
* s of wellcword. quartz and quartzite pebbles ; ; and! ‘thinly foliated `` 


’ Chalcedony i 18 abundant in "strings, limps, and beds as much : as, 
L Ea 4 feet thick ‘and on weathering , coats: several acres with grays. 

“blue, red translucent, shards,: The gray sandy. béds . contain” 
pe ' bones: and. impressions” òf hórny skin, probably of soft shell- 
“turtles. "The green rock in ‘Limekiln: Gulch is, described" by. 
"Clarerice.S."Ross-as . — TM Oe 


d DE Egon a ` "dg 
" domposed dominantly of. -voléanic-rock , minerals, : among, "which. 


plagioclase is dominant, .This is associated with. small’ amounts oe 
' hornblende, biotite, and  magrietite.' Detrital quarts. in wel.. 


e he rounded grains, "and - "fragments of limestone represent; 'nonvolcanic 


» materials which form. around one-third of the rock. © There is. án. 
"p almost total absénce of -potassic' feldspars, and the plagioclase . iB. 
ealcie, some ‘of “it being.sodic labradorite: "The character of thé 
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ee beds sufficiently’ | calcareous. to ‘justify quarrying: ‘for end u 
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feldspars indicates that these. were derived':from. andesitic. rocks, ho 1 


— and this is confirmed. by: the’ ‘presetice, of andesitie rock. grains. — 


d CAN green, ` ‘secondary ‘material -forms films. -around ‘the mineral, 


— brains.: Chemical tests shów' that this is a potassium’ mineral and’ 
“> this “togethe+ with- a moderately high’ birefringence, : indicates that 
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E Um Santori Canyoh n dldesk beds exposed, afe white sili- 

>ceous ‘shales (ash ?) that include long and short lenges Tto 20: 
“feet sthick: of the peculiar green rock displayed. in Limekiln’ . 
| . Gulch. * : Above this’ material liés ‘several hundred feet of vol : 
* «canic conglomerate, and breccia, ovérlain-i in places. by andesitic ’ 

lavas. In the walls of ‘Smith Canyon, the dominant rock is a 
— conglomerate of angular igneous : . boulders, many "of, thet és, | 
ES much as 4 feet à in diameter: Within the conglomerate are ‘slabs ^ T 


en ' and lenses of stratified ash and- below it irregular beds of ‘greet | a 


J 


d white ash dnd tuffaceous material. - The rocks in the canyon . 


¿local (P) faults of undetérmined trend. and displacement. "In. 
* Lost Creek Canyon south. of Circleville. the walls and’ adjoining - 
a » areas consist wholly ` of conglomerate: dominantly of angular, 
P , andesitic fragments, most of them 2: to 6 inches in diameter." 
“Near: the moúth of the canyon the conglomerate i 18: fine grained, ` 


t 


De a walls: are arranged as: blocks ‘tilted i in Various directions. along : "na 


2A. "some of it evenly bedded, and includes à few green pebbles, ' A : 


rama akng the East Fork of. the Sevier thé lower part. 
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of the Brian Head formation is absent. Black Canyon is walled 
in by volcanic breccia that normally constitutes the upper part 
of the formation, and for about 4 miles below the mouth of 
Deer Creek this material is covered by lava flows. Farther 
north the overlying lava has been largely removed and the con- . 
glomerate forms the bench lands along the river and presum- 
ably lies beneath the alluvium about Antimony. In the walls 
of Black Canyon where 60 to 100 feet is exposed, the conglom- 
erate is roughly bedded but very poorly sorted. It consists 
chiefly of wedge-shaped and slab-like fragments of igneous rock, 
2 to 4 inches in diameter but contains some'slabs as much as 
_ 4 feet long and considerable gravel-like material in which the 
larger fragments are embedded., The components of the igneous 
` conglomerates are sharply angular and essentially unweath- 
ered; they resemble fragments freshly broken from dense mas- 
sive lavas. "This conglomeratic mass includes rare lenses of 
thin-bedded, medium-grained sandstone, but amygdaloidal and : 
scoriaceous fragments, lapilli, and bombs appear to be absent. 
In thickness and in size and abundance of fragments the con- 
glomerate in East Fork Valley seems to increase progressively 
westward and northward and thus suggests a source high on 
the northern Sevier Plateau, where, near the head of Sanford 
Canyon Dutton™ noted “a. brief exposure of what seems to 
have been an ancient trachytic vent and which is composed 
chiefly of cinders.” 

The Brian Head formation includes the oldest volcanics in 
the southern High Plateaus and though thick and widely exten- 
sive its source is unknown. No cinder cones or sheets of lava 
from which comparable material might have been derived are 
exposed along branches of the upper Sevier, and in adjacent 
regions the dikes in the Tertiary sediments pass entirely 
through the formation. Likewise, in the absence of diagnostic 
fossils or other conclusive evidence the age of the Brian Head 
formation is uncertain. Because it lies above the typical lime- 
stones of the Wasatch of late (?) Eocene age and, disregarding 
the lava flows below strata believed to represent the late Pli- 
ocene or early Pleistocene Sevier River formation, it seems 
reasonable tentatively to assign the Brian Head to the Miocene. 
The formation pre-dates the movements along the Paunsaugunt 
and Sevier faults in late Tertiary and early Quáternary times. 
. * Dutton, C. E.: op. cit, p. 77. 
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es Petrography. ` l . 
Selected rock specimens from the Brian Head formation : were . 
studied. by Prof. Bronson Stringham, Unversity o1 Utah, whose 
report is summarized as follows. 


A 


Hu 
a. D 


Rócksfrom the Western edge of the, Sevier Plateau: 


Mouth of Red Canyon. Limestone. Calcite: 98 per cent; 
quartz fragments 2 per cent. | 
^ Losee Ridge. Acidic tuff. Clastic fragments of ra 
feldspar, hornblende, and glass. ' ` | ; 

Limekiln Gulch. Calcareous grit (tuff P). Fragments in- 


order of abundance: chalcedony, carbonate, quartz, feldspar, | 


hornblende. Grains 1 mm. to 0.1 mm. in diameter, very irregu- 
larly shaped and angular. Cement of coarse calcite pre 
make up about 25 per cent of the rock. 

Limekiln Gulch. Green sands. Clastic fragments. in — 


of abundance: quartz, feldspar (andésine and labradorite), 


_calcite and dolomite, quartz and feldspar aggregates, glass, , 
lithic fragments of basalt and andesite, hornblende, magnetite, 
and kaolin. Fragments round to subround, 2 mm. to 0.05 mm. 
in diameter cemented by a green flaky to fibrous mineral identi: : 
"fied as chlorite, var. clinoclore; chemical and optical tests dis- 
tinguish it from vivianito, glauconite, — chamosite, and 
greenalite. ` 

Sanford Canyon. — conglomerate. Fragments of ande- 
iun and basalt of usual composition. | 

' Smith Canyon. Igneous conglomerate. Lithic andesite and 
basalt fragménts and porphyritic ee Grains in ground- | 
máss 1-3 mm. in diameter. - 


Smith Canyon. Vitric crystal tuff. The 7 specimens from , 


lenses in igneous conglomerate are dark to light green in color 


-.and contain quartz, feldspar, hornblende, biotite, acidic glass 


xk 


with shards, and other minerals characteristic of igneous rocks. 
Green color due to numerous shreds of chlorite, which consti- 
- tutes the cement. “Closely similar to “green sands” in Limekiln 
Gulch. E | EGG 


Rocks from the Western edge of the Aquarius Plateau: 


Sweetwater umo lamestone. Calcite 98 per cent; 


1 
r 
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in the Upper Sevier River Valley. — . + 597 
quartz fragments of various sizes and a little colloform chal- 
cedony., E 

Birch Creek. Limestone. Chiefly calcite (90 + per cent), 
- and angular fragments of quartz. [This rock closely resembles 

the calcareous silt in nearby Horse Canyon, analyzed i in — 
tion 2.] 

Cleaves Gulch. ' Consolidated ash. Contains — ortho- 
clase, plagioclase, biotite, glass, and, chalcedony. Glass in 
shreds, rods, and shard-shaped bodies. 

Black Canyon. Igneous conglomerate. Chiefly coarse and 
fine-grained andesite and basalt boulders; includes hornblende 
ergata and black vitrophyre. 


"The laboratory study of thin sections of rock considered 
typical of the Brian Head formation supports the field observa- 
tions that on the Paunsaugunt and the southern Aquarius 
-plateaus the lower part of the Brian Head formation consists . 
almost wholly of calcite and that northward the relative amount 
of clear quartz and of chalcedony increases and the pyroclastics 
become more and more prominent. However, the change from 
"dominant limestone to dominant tuff is not regularly proges- 
sive. In places the pyroclastics include calcareous silts and 
' in other places chunks of chalcedony and rotted andesite 
„appear in outcrops composed essentially of thin-bedded Jime- 
stone. 


SEVIER RIVER FORMATION (Pliocene or Pleistocene). 


Rocks doubtfully correlated with the Sevier River formation. 
outcrop in small areas on the. Aquarius Plateau and along the 


South Fork of the Sevier River and its tributaries. Character- ` 


istically they are partly consolidated gray boulder conglom- 
erates lenticularly interbedded with gray, tan, and black sand- 
stones. As exposed along Highway 89, south of Panguitch 
they include basaltic and andesitic conglomerates containing 
boulders as much as 2 feet in diameter, fine-grained volcanic 
débris, clay, silt, and scattered pebbles of chert and chalcedony. 
The material obviously was deposited by streams flowing in 
poorly defined channels -and subject to wide fluctuation. The 
outcrops show the texture, the style of bedding, and the vertical 
‘and. lateral unconformities that characterize fanglomerates of 
. local origin, accumulated in local basins (see Pl. 11). . 
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in the Upper Sevier River Valley. ` . 599 


Unconformity 

18.. Andesite (?), dense’ and porphyritic, in “overlapping flows 
2 to 6 feet thick; includes, irregular masses of igneous 
agglomerate and of massive, amygdaloidal and scoriaceous 
lava. Stands as a wall about the headwater branches of 
Antimony Canyon and southward forms the surface: of 
Aquarius Plateau. At the mouth of the canyon, on the 
downthrown block of the Paunsaugunt fault, remnant 
‘ masses weather into. knolls. Maximum thickness, estimated 1000 


Unconformity 2 RC ' , 
Brian Head formation 
12, Volcanic conglomerate: chiefly angular fragments of acidic 
lava: contains some blocks of sandstone and, —— 
| 0-80 


Unconformity 

Tropic formation 

Jl. Shale and sandstone, lower part faintly banded gray brown, 
buff, and drab; upper half dominantly gray green and tan; 
&renaceous and argillaceous, rare gypsiferous and carbon- 
aceous shales in groups 2 to 100 feet thick overlap or replace 
along strike massive, thick bedded, and thin bedded sand- 

" Stone 1 to 40+ feet thick; includes lenticular masses of 
limestone, concretionary nodules of iron, lenses and vein- 
lets of stibnite, and near the top & thin bed of bentonite; 
the calcareous sandstones contain fragmentary fossils; 
weather as steep slopes broken by narrow projecting ledges 
of limestone ,of concretionary iron ............... esee. 860—1180 

Dakota (?) sandstone 
10. Conglomerate and sandstone, gray and tan; commonly 
roughly bedded, coarse sandstone with scattering pebbles; 
locally a mass-of well worn quartzite and limestone pebbles, ` 
Y, to 2 inches in diameter and angular slabs of sandstone 
embedded in a calcareous and siliceous matrix; grades 
fito Nov 1E S .. 10-180 
Dakota (?) sandstone 


Unconformity 

Curtis and Winsor formations, undifferentiated 

9. Sandstone, gray, highly calcareous; irregular, lumpy beds 
l inch to 1 foot thick. fragmentary, fossils; relatively resist- 
ant, forms cliff and bench above, varies, much in thickness 


, and along strike, in places is absent ....ooooocooomoommoo.» 6-35 
8, Shales, yellow gray, sandy, slightly gypsiferous; irregularly 
alternating and lenticular, even bedded. Forms steep slope 42 


- 7. Shales and subordinate thin sandstones; roughly banded, 
yellow gray, green gray, white, and light red; includes gyp- 
sum in thin irregular seams and disseminated grains; 
includes near the middle hard thin bedded limestone as 
much as 10 feet thick and at the top subangular pebbles 
of varicolored quartzite, white quartz, hard limestone, and 
clay balls, 1/16 to 1 inch in diameter, embedded in a dark 
. Pray calcareous SOU 1624s ve E WAVE A RE VERA wae esas 88 


' Total Curtis and Winsor formations .. ID 165 se 
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Unconformity (?) 


Entrada sandstone 
6. Sandstone, deep red, streaked with white, even bedded, in 
places shaly; well rounded, flne grains of quartz cemented 
by lime and iron; slightly gypsiferous; generally at the base 
&nd locally higher up includes yellow-white bands and 
lenses of well worn pebbles of quartzite, quartz, and lime- 
stone. Weathers as steep slopes and cliffs marked by 
grooves, pilasters, columns, and detached towers; generally 
top beds hardened to form shelves and projecting ledges 180-220 


Unconformity ? 


Carmel formation 
5. Limestone, gray, blue gray on fresh fractures; very thin 
bedded, even bedded; dense, brittle, in places friable; 
weathers into hard, angülar chips. At the base and top, 
brown and greenish,-sandy, calcareous shales; surface of 
some beds show ripple marks, worn trails, and lumpy 
aggregates (algae P); marine fossils. Stands nearly vertical 
against Navajo sandstone; weathers into dikelike ridges 
and QT0OVES 460 


Unconformity 


Navajo sandstone 
4. Sandstone, light gray, in places tan, generally massive ' 
except for units outlined by widely spaced indistinct bed- 
ding planes, in part cross bedded; composed of very fine 
spherical glistening grains of quarts; intricately fractured 
and faulted on a small scale both along and across strike; 
stands nearly vertical. Average thickness estimated ...... 1100 


+ 


Unconformity: fault plane 
Chinle (?) formation: Curtis (?) and Winsor (?) formatlons 
8. Shale, green, ash gray, rarely pink or white; argillaceous, 
arenaceous, and gypsiferous; very friable; dips westward; 
separated from No. 4 by a fault. Nos. 2 and 8 are gen- 
. erally concealed by coarse gravel ........o.ooooommmmo.o.... 50 
2. Shale and thin irregularly bedded sandstone, deep red, in ' 
places tan; includes tiny flakes and lenses of drab, gypsif- 
erous, compact clay; dips steeply west to & fault, contact 
"with amdie lava arena toa l 180 


Unconformity ? fault plane ? 

Shinarump (?) conglomerate 

1. Conglomerate, gray, lenticularly stratified and cross bedded; ` 
pebbles chiefly quartzite, quartz, and rare hard, black lime- 

stone, well rounded, some polished, the largest pebbles as 

much as 5 inches in diameter; includes lenses of sandstone; 

matrix of siliceous sand and gravel in which are tiny frag- - 

ments of metamorphic and igneous (?) rock .............. 20-60 


"» 


Total heness........... ........................ 4586-5829 
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Piate 11. Characteristic exposure of the Sevier River (°) 
formation along Federal highway 89 south of Pan- 
guitch. 





Plate 12. Bank of Red Creek below the mouth of Red Canyon. Wall 
of Recent alluvium rests unconformably on fossiliferous marls of 
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| &. Section in Cleaves Gulch near “Burro Flat,” 4+-Miles South TE 3 
ue cd Center Creek. =: 
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de Andesite porphyry?, sepucopl: otii dic NU 
iM feldspar and quartz; basal 6 feet red and — 
Pi q daie sae 
glassy. Forms top of fault block on the lower west flank 


^ of Aquarius Plateau; largely destroyed by erosion ........ 
. Unconformity 
- Brian Head formation 
3. te, unstratified, composed of angular igneous 
pebbles, the largest as much as 4 feet in diameter; ground- 
= mass of igneous gravel and sand. Forms nearly vertical cliff 
base, white above; 


Unconformity 
‘feet thick; includes chal- 


dony in thin sheets and lenses. Forms steep uneven slope 










| Total Brian Head forma Hic 


Unconformity a y 
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1. Limestone, ¡ge includes lenses of calearcous 
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clay shales stratified like lacustrian silts; largely 
by debris from landslides and dissected alluvial fans; part 


"- i , 


i 
' 
exposed "***vus*sopttsmsuomtestistmitbisittititctt "t| | À | sr |] mm . 


Total thickness measured ............ PPR oats ere 


4, Section in North Branch of Limekiln Gulch. 


Brian Head formation 


7. Volcanic breccia; part exposed estimated ................ 1 
6. Calcareous and siliceous shale, volcanic ash, travertine, and 
fine-grained sandstone, indistinctly banded pink, white, and 
yellow; regular beds; much chalcedony in thin slabs 1 to 4 
feet in diameter; weathers as hard surfaced, steep slope... 
5. Sandstone, green, coarse grained; in 5 fairly regular groups 
of beds 1 to 5 feet thick, hard enough to form cliffs that 
weather into knobs and columns; contains small pebbles 
of quartz, quartzite, and igneous rock, isolated and in 
strings; at base irregular lenses 1 to 5 inches thick, 10 
to 50 feet long of gray hard, siliceous limestones; in the 
green sand the microscope reveals hornblende, magnetite, 
kaolin, glass, andesane, labradorite, calcite, dolomite, and 
subrounded fragments of basalt and andesite .05 to 2 mm. in 
diameter cemented by a fibrous green mineral—chlorite (?), 
Celadonite (P) .......oooooooooommommmrorcacnocarcanannaso 
4. Shale, along strike and in sequence various shades of green, 
yellow, brown, and gray; essentially sandy clay and ash; 
fine grained regular beds; very friable except for tightly 
cemented lozenges and discs that weather as knobs and caps 
of pinnacles. At 22 feet above the base thin band of rusty 
pink limestone and at 42 feet a thin black band composed 
chiefly of magnetite grains. An intricately dissected slope 
8. Shale, green, sandy, interbedded with impure limestones; 
includes lenses of conglomerate and sandstone, much chal- 
cedony including near the base a lenticular mass 2 to 274 
feet thick and 100+ feet long; forms a steep slope dissected 
into mounds and gullies ........ eee 
2. Limestone, white, siliceous, thin bedded, includes much con- 
glomerate with calcareous matrix composed of subangular 
pebbles of black and white quartz, variegated quartzite, 
black limestone, and dense igneous rock fragments, some as 
much as 2 inches in diameter ........ooooooooooomomm..”.s > 
1. Red conglomerate ............oooooronororeraronssnasssrs. 


Total Brian Head formation ...... EET o a dite S ah 


Wasatch formation; compact pink limestone 


In this section units 1-3 were measured by J. C. Anderson 
on the upthrown side of the Sevier fault at the base of 
Blind Spring Peak, about 2 miles northeast of Nos. 4-7; 
probably duplicates in part unit 4, incompletely exposed 
in the downthrown block. | 
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EXTRUSIVE IGNEOUS ROCKS. 


Within the drainage basin of the upper Sevier River andesites 
and closely related lavas are displayed as extensive, more or 
less continuous sheets on the top of the Aquarius Plateau, and 
on the Sevier Plateau they are irregularly distributed over the 
voleanic breccia which forms the general surface. The field 


. relations suggest that these rocks represent lavas that were 


extruded during one general period of volcanic activity and not 


ES y ong after the volcanic breccia in the Brian Head formation 


was laid down. Basalts of younger age occupy small areas in 
various topographic positions and came from local vents. All 


the lava sheets are older than the major faults. The composition 


of the lavas is shown by the following descriptions of specimens 
thought to represent the most common varieties within the 
region under review. Farther north casual traverses reveal a 
greater variety of rock type and much more complex inter- 
relations. 

1. Mouth of Red Canyon. Olivine basalt. Well shaped 
phenocrysts of olivine and labradorite in lattice-like ground- 
mass of labradorite. Crowded between the laths are grains of 
augite and magnetite. In part vesicular. 

2. Mouth of Red Canyon. Hornblende basalt. Minerals in 
order of abundance: labradorite in small crystals and pheno- 
crysts, augite, hornblende, glass, and magnetite. 
scale vesicular structure. 

3. Losee Ridge. Basalt. Microscopic crystals of labrado- 
rite, augite, magnetite, and subordinate glass. In one thin sec- 
tion the structure is vesicular, in another compact. 

4. Outlier of Sevier Plateau; North branch of Casto Can- 
yon. Andesite. Contains andesine, augite, and magnetite 
crystals, many of them surrounded by glass. Andesine crys- 
tals, submicroscopic to 2 mm, in diameter constitute the bulk 


of the rock. Probably represents in general the lava cap of 


parts of the Sevier Plateau. 

5. South branch of Peterson Wash. Sodi porphyry. 
Large and small crystals of andesine, prominently zoned and 
variously oriented ; unaltered augite (or diopside), and pheno- 
crysts of light, broad, beautiful pleocroic hornblende. Ground- 


mass contains much magnetite, some isotropic material (glass?) 


and patches of green chlorite that may represent biotite. 
6. Black Canyon near Osiris. Andesite porphyry. In hand 
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specimens ' a very mats Tete pup. rock criss-crossed with 
short white laths. Microscope reveals phenocrysts of andesine 
in a ground mass of crystals of submicroscopic size. 

7. Aquarius Plateau near head of Antimony Creek. Basalt. 

- Minerals content: olivine phenocrysts, about 10 per cent, | 
augite 5 per cent, magnetite 2 per cent, and basic turbid glass. 
The labradorites, which constitute 90 per cent of the feldspar 
crystals, range in size from phenocrysts 3 mm. in length to 
microscopic fragments and are more or less tabular in form. 
Their molecular composition is Ab,¿An;;. The larger crystals 
are zoned and material of the outer rim is close to albite in 
composition. A little opal is present in vugs. This rock, col- 
lected as representative of the extensive lava sheets on the 
Aquarius Plateau, may be part of local extrusion. Dutton 
states that the rocks on the Aquarius are “chiefly hornblendic 
trachytes commingled with very extensive masses of augitic 
andesites.” 

STRUCTURE. 


The major structural features of the upper Sevier valleys 
are the Paunsaugunt fault, which marks the west base of the 
Aquarius Plateau, and the Sevier fault, which lies along the 
west base of the Sevier Plateau. The main Paunsaugunt fault 
lies in a zone of faulting that extends southward across Utah 
and into Arizona and northward along the base of the Awapa 
Plateau—the Grass Valley fault of Dutton. The Sevier fault, 
which also extends far southward and northward, is in most 
places represented by a single escarpment and a narrow belt of 
displaced rock. 

The position and the effect of the Paunsaugunt fault zone 
is revealed in the topography and the attitude of the lavas and 
underlying sediments. Toward the fault the lavas and the under- 
lying igneous conglomerates that cap the Sevier Plateau dip 
eastward to their termination in the East Fork Valley, where 
remnants stand as inclined blocks. East of the fault the cor- 
responding lavas and pyroclastics form the surface of the 
Aquarius Plateau, at altitudes of 10,000 to 11,000+ feet. 
Thus the height of the Aquarius Plateau—about 3,500 feet 
above its westward bordering lowlands—measures the: move- 
ments within a zone of fracture which here consists of three or 
more roughly parallel faults that give to the west flank of the 
plateau the appearance of a series of giant steps. The west- 
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. ernmost of these faults forms the eastern wall of Black Canyon — 

+ between Osiris and the mouth of Deer Creek and for a few miles E 
south is marked by tilted and fractured blocks through which . TAE 
the East Fork of the Sevier finds its way. North of Osiris the 
fault continues across Center and Poison creeks where, in the ; 

upthrovn block, cliffs of pyroclastics and lava are about 2,000 
feet high. At Antimony Creek the major displacement is esti- — 
mated to be 1,800 feet; it has raised the Jurassic strata to — 
the level of the Tertiary volcanic conglomerate. A second long 
fault marks the base of the escarpment at the heads of Birch, E x 

| and Center creeks, and a third is assumed to mark the — — 
~ position of the high cliff-bound tables near the plateau top (see 

. Fig. 2). In addition to these major displacements, expressed 
in the regional topography, faults with throws of 180, 250, and — 
400 feet cut the walls of Antimony Canyon; movements of  — 
similar amounts doubtless have occurred elsewhere along the 

western edge of the Aquarius Plateau. Faults with throws of 
-2 to 10 feet, slickensided fractures, and belts of crushed rock, 
are fairly common, especially along lines of closely spaced = 
jointing. a 
- The Sevier fault is marked by discordance of strata associ- = 
ated with abrupt termination of color bands and, in distant vt 
views, by rock terraces which outline the upthrown and down- Á 
thrown blocks. Its position and its salient features are plainly 3 
revealed in the great canyons that score the west face of the 
Sevier Plateau. Crossing the mouths of Red and Casto Can- 
yons the fault-line scarp developed in Wasatch formation isa . - 
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vertical wall 100 to 500 feet high. Farther north in Petersen 
Wash and Limekiln Gulch the pink limestone of the Wasatch 
abuts against the white tuffaceous material and the conglom- PS 


erates of the Brian Head formation—in places against lavas— O 
and in association with the major fault, minor parallel and y 
oblique faults cut the sediments into blocks variously orientated; = 
some dip east against the main fault plane, some southeast or JN 
southwest. The Sevier fault, as pointed out by Gilbert,” lies l 
within a very narrow zone of disturbance; in places it is a 
single fracture. Disregarding the effect of the slight eastward 
dip of adjacent strata, the stratigraphic displacement effected R- 
by the fault east of Panguitch is estimated to be 1,000 feet; - 


"Gilbert, G. K.: 1875, Geog. Geol. Expl and Surveys W. 100th Mer, — 
vol. 8, p. 49. ^ 
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remain at altitudes of approximately 7 um and 8,000 ) feet » 
For about 100 miles north of the Grand Canyon of — 


Colorado the Paunsaugunt and Sevier fauts are roughly paral- - 


lel, nearly vertical, and essentially single displacements, but in 


. the vicinity of Widtsoe and Panguitch these simple structures 


lose their identity. Especially in the downthrown blocks 


numerous faults replace single features, and north of Circle- 
ville Canyon the fault patterns become remarkably complex. 


It is interesting to note that this radical change in the char- 


acter and distribution of fractures within the Sevier fault zone 


—more characteristic of the Great Basin Province than of the ' 


Colorado plateaus—is substantially duplicated at Kanarraville 
and Cedar City, where the Hurricane fault fans out into many 





. faults of various displacements and alinement, among which ' 


the master fault is difficult to place. — 

In the absence of established time markers, the date of fault- 
ing in the upper Sevier Valley can be fixed only approximately. 
The Paunsaugunt and the Sevier faults have broken all the 
Tertiary sediments, pyroclastics, and lavas, and most of the 
smaller faults traverse several formations, but the pressure 


that produced them may have been exerted at any time or at 


several times since regional uplift created the present High 


. Plateaus. The great erosion that has remodeled the upthrown 


blocks and covered the downthrown blocks with alluvium, in 
places fully 800 feet thick, is evidence of long lapses of time. 
On the other hand, some of the movements have been so recent 
as to leave fault scarp almost intact. 

The structural, stratigraphic, and physiographic evidence 


4 


de 
|" 


seems sufficient to prove that the movements within the major - 


and some of the minor fault zones in the Upper Sevier Valley 


were recurrent rather than contemporaneous; and that the 


forces that uplifted the Sevier and Paunsaugunt Plateaus 
^to their present great height operated intermittently. Satis- 


factory interpretation of the geologic history of the Upper 


Sevier valleys involves the assumption that structural dis-. 


turbances began in late (?) Tertiary time and are still in 
progress. 
Bernice P. Bismor Museum, 
Howorvriv, Hawarn. © 


NOTES ON THE CRETACEOUS SPECIES 
DESCRIBED BY KARRER. | 


JOSEPH A. CUSHMAN. 


ABSTRACT. The new species described by Karrer in 1870 from the 
Cretaceous of Austria were studied in Vienna. 'The actual specimens were 
redrawn and notes made as to the validity of the species. 


N 1870 Karrer described a foraminiferal fauna from the 
Cretaceous of Austria: *Ueber ein neues Vorkommen von 


1 oberer Kreideformation in Leitzersdorf bei Stockerau, und 


deren Foraminiferenfauna” (Jahrbuche der k. k. geologischen 
Reichsanstalt, vol. 20, 1870, pp. 157-184, pls. 10, 11). Many 
of the species are referred to those described earlier by 
d'Orbigny, Reuss, and others, but thirty species are described 
asnew. As some of our American Cretaceous species resembled 
the figures given by Karrer, I made a study of the type speci- 
mens in Vienna in the summer of 1932. Although the type 
specimens were not in all cases segregated, it was possible to 


determine which were the figured ones. It was at once appar- | 


ent that, as in many other papers, the illustrations were more 
or less conventionalized and in some cases were misleading. 
For future reference notes were made on these types and nearly 
all of them were redrawn from the original types. As some 
of the species names have been used in connection with our 
American Cretaceous forms and others are closely allied to 
them it seems worthwhile to present these notes and drawings 
that they may be available to American workers on the 
foraminifera. 


Gaudryina cretacea (Karrer) (Pl. 1, fig. 1). 


Verneuilina cretacea Karrer, Jahrb. k, k. geol. Reichsanst., vol. 20, 1870, 


p. 164, pl. 10, fig. 1. 

Gaudryina rugosa Karrer (not d'Orbigny), l. c, p. 166.—Egger, Abhandl. 
kón. bay. Akad. Wiss. München, Cl. II, vol. 21, 1899, p. 37, pl. 4, figs. 
14, 15. 

Gaudryina eretacea Cushman, Special Publ. No. 7, Cushman Lab. Foram. 
Res., 1937, p. 40, pl. 6, figs. 3-9. 


'The type, here refigured, is the young triserial stage. "The 
Karrer collection shows adults also that he referred to 
G. rugosa d'Orbigny but they are not the same as d'Orbigny's 
species. "The species is common and widely distributed in the 
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“occur in the American Cretaceous. 


Textularia roscida (Karrer) (Pl. 1, fak 2, 3). 
Plecanium roscidum Karrer, Jahrb. k. k. geol. Reichsanst., vol. 20, 1870, 
p. 165, pl. 10, fig. 2. 
Plecanium foedum Karrer, l. c., p. 165, pl. 10, fig. 3. 

A specimen nearest in shape to the original — was 
selected and drawn. It seems to be truly biserial with a very 
coarse exterior and the sutures are not nearly as definite as 
in the original figure. Karrer's P. foedum, from an examina- - 
tion of the type series, is a young stage of Textularia roscida. 
The species apparently does not occur in the American 
Cretaceous. 


Dorothia crassa (Karrer) (Pl. 1, fig. 4). 


Gaudryina crassa Karrer, Jahrb. k. k. geol. Reichsanst., vol. 20, 1870, p. 
166, pl. 10, fig. 4. 

Dorothia crassa Cushman, Special Publ. No. 8, Cushman Lab. Foram. Res., 
1937, p. 84, pl. 10, fig. 17. 

Most of the specimens in the Karrer collection in Vienna are 
crushed and somewhat distorted. The surface is smooth and 
the species is evidently a Dorothia, related to D. pupa (Reuss) 
and possibly identical. It is related to D. bulletta (Carsey) 
of the American Cretaceous but is distinct. 


Triloculina vitrea Karrer (Pl. 1, fig. 7). 


Triloculina vitrea Karrer, Jahrb. k. k. geol. Reichsanst., vol. 20, 1870, p. 
167, pl. 10, fig. 5. 





EXPLANATION OF PLATE 1. 
(Unless otherwise noted, a, front view; b, side view; c, apertural view.) 


Fig. 1. Gaudryina cretacea (Karrer). “Verneuilina cretacea Karrer.” 

Figs. 2, 8. Textularia roscida (Karrer). 2, “Plecaniwm roscidum Karrer.” 
8, “Plecanium foedum Karrer." 

Fig. 4 Dorothia crassa (Karrer). “Gaudryina crassa Karrer.” 

Fig. 5. Ramulina aculeata (d'Orbigny)?. “Lagena tuberculata Karrer." 

Fig. 6. Frondicularia leitzendorfensis Karrer. 

Fig. 7. Triloculina vitrea Karrer. a, b, opposite sides; c, apertural view. 

Fig. 8. Frondicularia pulchella Karrer. 

Fig. 9. Frondicularia felis Karrer. 

Fig. 10. Frondicularia amoena Karrer. 

Fig. ll. Frondicularia pala Karrer. 

Figs. 12-14. Frondicularia goldfussi Reuss. 12, «Prondieularia Althii 
Karrer" 13, 14, “Frondicularia sarissa Karrer.” 14, showing 
broken portions of freak specimen. 


All figures redrawn from original specimens in Museum in Vienna. 
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Cretaceous Described by Karrer. 

'The type is redrawn on our plate. 'The end view is much 
more rounded than in the original figure. The genus is very 
rare in the Cretaceous. In the American Cretaceous, speci- 
mens referred to T'. circularis Bornemann are more like this 
species of Karrer. 'They seem to be limited to the Ripley 
formation of Tennessee. 


Ramulina aculeata (d'Orbigny)? (Pl. 1, fig. 5). 
Lagena tuberculata Karrer, Jahrb. k. k. geol. Reichsanst., vol. 20, 1870, p. 
168, pl. 10, fig. 6. 

The type figure is evidently conventionalized. The speci- 
mens are all somewhat compressed and represent a species of 
Ramulina close to or identical with that of d'Orbigny's. Some- 
what similar specimens occur in our American Cretaceous and 
have been referred to d'Orbigny's species. 





EXPLANATION OF ®LATE 2. 


Figs. 1, 2. Frondicularia goldfussi Reuss. 1, “Frondicularia plana 
Karrer.” 2, “Frondicularia Fuchsii Karrer.” a, a, front views. 
b, b, side views. 

Figs. 3-5. Frondicularia fragilis Karrer. 4, “Frondicularia pyrwm 
Karrer" 5, “Frondicularia tribus Karrer” a, a, a, front 
views; b, b, b, side views. l 

Fig. 6. Frondicularia speciosa Karrer. 

Fig. 7. Marginulina crassicostata Karrer. a, front view; b, apertural 
view. 

Fig. 8. Saracenaria sinus (Karrer). “Cristellaria sinus Karrer.” a, side 
view. b, front view. 

Fig. 9. Robulus tumidus (Karrer). “Cristellaria tumida Karrer” a, 
side view; b, front view. 

Fig. 10. Globulina lacrima Reuss. “Polymorphina longicollis Karrer.” 
a, b, opposite sides. 

Fig. 11. Globulina gravis (Karrer). “Polymorphina gravis Karrer.” a, b, 
opposite sides, 

Fig. 12. Globulina ampla (Karrer). “Polymorphina ampla Karrer.” 
a, b, opposite sides. 

Fig. 13. “Truncatulina horrida Karrer.” a, dorsal view; b, ventral view; 
e, peripheral view. 

Fig. 14. Cibicides danubius (Karrer). “Discorbina Danubia Karrer.” 
a, dorsal view; b, ventral view; c, peripheral view. 

Fig. 15. Anomalina fontana (Karrer). “Rotalia fontama Karrer.” a, 
dorsal view; b, ventral view; e, peripheral view. ` 


All figures redrawn from original specimens in Museum in Vienna. 


Ax. Jour. Scr.—Vor. 242, No. 11, Novemner, 1944, 
43 
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Frondicularia Prat hui Rare (PL. É J Ad 


Frondicularia Leitzendorfensis Karrer, Jahrb. k. k. geol. Reichsanst., vol. 
20, 1870, p. 171, pl. 10, fig. 7. 


A 





This is a large species with a peculiar shape and a thicken- 
ing along the median line especially in the later portion. Some 
of the specimens are as much as 6 mm. in length. "There are 
forms in the American Cretaceous apparently identical with 
this, recorded by Bagg from the Cretaceous of New Jersey as 
Frondicularia ovata Roemer (Bull. 88, U. S. Geol. Survey, 
1898, p. 49, pl. 4, fig. 2). 


Frondicularia pulchella Karrer (Pl. 1, fig. 8). 
Frondicularia pulchella Karrer, Jahrb. k. k. geol. Reichsanst., vol. 20, 1870, 
p. 171, pl. 10, fig. 8. 

'The holotype is the only specimen in the Karrer collection. 
It is not depressed in the middle as the original figure indicates. 
It may be a freak form of some of the other described species. 

$ 


Frondicularia felis Karrer (Pl. 1, fig. 9). 
Frondicularia felis Karrer, Jahrb. k. k. geol. Reichsanst, vol. 20, 1870, 
p. 172, pl. 10, fig. 9. 
This species, as shown by the types, i is — half the size of 
F. leitzendorfensis Karrer and is probably a young stage of 
that species. 


Frondicularia amoena Karrer (Pl. 1, fig. 10). 


Frondicularia amoena Karrer, Jahrb. k. k. geol. Reichsanst., vol. 20, 1870, 
p. 172, pl. 10, fig. 10. 
Frondicularia Stachei Karrer, 1. c., p. 174, pl. 11, fig. 2. 


These two probably represent a single species. The type of 
F. stachei is about half the size of the type of F. amoena and 
is evidently a young stage. Both forms probably come under 
the range of F. archiaciana d'Orbigny. 


Frondicularia pala Karrer (Pl. 1, fig. 11). 
Frondicularia pala Karrer, Jahrb. k. k. geol. Reichsanst, vol. 20, 1870, 
p. 172, pl. 10, fig. 11. 

The holotype seems to be the only specimen in the Karrer 
collection. He mentions that it is very rare. The original fig- 
ure is much conventionalized and it was redrawn for our plate. 
It is somewhat like F. angusta Nilsson but more specimens are 
needed to make sure of its full characters. 
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Frondicularia goldfussi Reuss (Pl. 1, figs. 12-14; MS 2, figs. 1, 2). 

Frondicularia Althii Karrer, Jahrb. k. k. geol. Reichsanst., vol. 20, 1870, 
p. 172, pl. 10, fig. 12. 

Prondicularia sarissa Karrer, l. c., p. 173, pl. 10, fig. 13. 

Frondicularia plana Karrer, l. c., p. 174, pl. 10, fig. 14. 

Frondicularia Fuchsii Karrer, l. c, p. 174, pl. 11, fig. 1. 

From a study of the series of type specimens these four seem 
to belong to one species. All probably may be included under 
F. goldfussi Reuss which Karrer also records from this same 

. locality. 'The specimens are more alike than the original 
figures indicate. For example, the original figure of F. althii 
gives the appearance of being excavated but the specimen does 
not show this character. They are very close to the figure 
given by Reuss of F. filocincta (Sitz. Akad. Wiss. Wien, vol. 
46, pt. 1, 1862 (1863), p. 54, pl. 4, fig. 12) from the Cre- 
taceous of North Germany but not referred to later. 
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Frondicularia fragilis Karrer (Pl. 2, figs. 3-5). 
Frondicularia fragilis Karrer, Jahrb. k. k. geol. Reichsanst., vol. 20, 1870, 
p. 175, pl. 11, fig. 3. 
rondicularia pyrum Karrer, l. c., p. 175, pl. 11, fig. 4. 
Frondicularia tribus Karrer, l. c p. 175, pl. 11, fig. 5. 

From the original figures these would not seem to be related 
but the specimens show they are very similar and probably 
represent stages of megalospheric specimens in which the size 
of the proloculum differs. It is difficult to refer these to any 
previously described species. 


Frondicularia speciosa Karrer (Pl. 2, fig. 6). 
Frondicularia speciosa Karrer, Jahrb. k. k. geol. Reichsanst., vol. 20, 1870, 
p. 175, pl. 11, fig. 6. 

The original figure shows the sutures as double but this is 
due to a slightly wavy surface of the chambers. With the 
single broken specimen it is difficult to refer this to previously 
described species. 


! Marginulina cylindracea Karrer. 


Cristellaria (Marginulina) cylindracea Karrer, Jahrb. k. k. geol. Reichsanst., 
vol. 20, 1870, p. 177, pl. 11, fig. 7. 


There is but a single specimen of this in the Karrer collection 
and it is well drawn. Without more specimens its full char- 
acters cannot be determined. 











Ern BU UNS cot EINEN 
E». . Marginulina crassicosta Karrer (PL 2, fig. 7). 
Cristellaria (Marginulina) crassicosta Karrer, Jahrb. k. k. geol. Reichsanst., - 
vol. 20, 1870, p. 177, pl. 11, fig. 8. 
y This is represented by the holotype only. It was evidently 
drawn upside down and the costae shown as very thin and 








E sharp although the description speaks of them as thick. They 
* are broad and rounded. 
B Saracenaria sinus (Karrer) (Pl. 2, fig. 8). 


Cristellaria sinus Karrer, Jahrb. k. k. geol. Reichsanst, vol. 20, 1870, p. 


* 180, pl. 11, fig. 9. 
[à This should be referred to S. triangularis d'Orbigny which 
Y Karrer records as very common in this same material. 
— Robulus tumidus (Karrer) (Pl. 2, fig. 9). 


Cristellaria twmida Karrer, Jahrb. k. k. geol. Reichsanst., vol. 20, 1870, 
p. 180, pl. 11, fig. 10. 
The single specimen is the only one in the collection. It is 
 refigured and seems to belong within the range of R. ovalis 
(Reuss) which Karrer records as very abundant in this 
material. 


Globulina lacrima Reuss (Pl. 2, fig. 10). 
Polymorphina longicollis Karrer, Jahrb. k. k. geol. Reichsanst, vol. 20, 
1870, p. 181, pl. 11, fig. 11. 

The original figures do not show the sutures in their correct 
position. The specimens seem to indicate that they belong to 
Reuss’ species which Karrer records as not rare in this same 
material. 


Globulina gravis (Karrer) (Pl. 2, fig. 11). 


Polymorphina gravis Karrer, Jahrb. k. k. geol. Reichsanst., vol. 20, 1870, 
p. 181, pl. 11, fig. 12. 

Globulina gravis Cushman and Ozawa, Proc, U. S. Nat. Mus, vol. 77, 
Art. 6, 1930, p. 84, pl. 21, fig. 2. 

The original figure was rather more accurately drawn than 
many of the others but the type has been redrawn. Two other 
specimens from the Karrer collection found with his lot labelled 
“Polymorphina longicollis” seem to belong with this species 
and appear to perhaps belong to Pseudopolymorphina. 


Globulina ampla (Karrer) (Pl. 2, fig. 12). 


Polymorphina ampla Karrer, Jahrb. k. k. geol. Reichsanst., vol. 20, 1870, 
p. 181, pl. 11, fig. 18. 





x A 27 Cr "tac zous Sy »ecies De SCT ibed y (arre Kon : Y 1 3 
es ELA = w^ e. a i 
. Globulina a i RI — Prec. U. 8. Nat. psum "o 
.. Art. 6, 1930, p. 84, pl. 21, fig. 5. 


. roughness of the surface is evidently due to erosion in this 
y particular specimen as the other two with it are smooth. 


~ Truncatulina horrida Karrer, Jahrb. k. k. geol. Reichsanst., vol. 20, 1870, M 


Discorbina Danubia Karrer, Jahrb. k. k. geol. Reichsanst, vol. 20, 1870, - 


The specimen was very inaccurately drawn and is redrawn on - 


specimen difficult to compare with other described species. 


Karrer describes the test as having a rough — This 
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“Truncatulina horrida Karrer” (Pl. 2, fig. 18). 


p. 183, pl. 11, fig. 14. 
While there are a considerable number of specimens in the va | 
Karrer collection, most of them are much eroded. "The ian 
figure is evidently much conventionalized. From the condition — 
of the available material it is difficult to place this in its proper - 


generic position. , 
Cibicides danubius (Karrer) (Pl. 2, fig. 14). 


— p. 184, pl. 11, fig. 15. x 

There is but one specimen in the collection and this was — 
redrawn. It was evidently an attached specimen and abnor- E 
mal in form. Karrer also records T'runcatulina convexa ——— 
Reuss from this same material and Karrer's species may be 
referred to Cibicides convera (Reuss) as a synonym. 


A 


Anomalina fontana (Karrer) (Pl. 2, fig. 15). 


Rotalia fontana Karrer, Jahrb. k. k. geol. Reichsanst., vol. 20, 1870, p. 184 — 
pl. 11, fig. 16. 


. The holotype is the only specimen in the Karrer collection. 


our plate. It is evidently an Anomalina but from the single 
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J GENUS CAESTOCORBULA VINCENT: 
H. E. VOKES. | 
ABSTRACT. In 1890 E. Vincent noted the presence of an accessory 


 siphonal plate posterior to the left valve of a specimen of Corbula henc- 


keliusiana Nyst from the lower Eocene of Belgium. In 1910 he reported 


Y 


- similar plates in two specimens referred to Corbula regulbiensis Morris and 


erected for these two species the genus Caestocorbula, with Nyst's form as 
type. Subsequent authors have generally overlooked this name and his 
interpretation of his material has been questioned. 

Recently, however, similar accessory plates were found in Cretaceous spe- 
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cies from Texas and from the Lebanon mountains of western Asia. Further 


investigation resulted in the discovery of several additional examples show- _ 


ing this feature and, at present, siphonal plates are known from eight 


- Species. These fall into two separate groups distinguished not only by _ 
differences in the shape and ornamentation of the siphonal plates, but also - 


by differences in the shape and proportions of the shells themselves. The — 


name Caestocorbula is retained for one of these groups and a new name 
Parmicorbula, with Corbula neaeroides Blanckenhorn as type, is proposed 
for the other. Both groups, so far as now known, range from the Aptian, 
lower Cretaceous through middle Eocene time. 


HE Cretaceous and early Tertiary faunas contain a num- 
ber of species of corbulid pelecypods in which the right valve - 
is sharply produced posteriorly into a sort of rostral “snout,” 


while the left valve is more nearly equilateral in shape and 


lacks all trace of posterior prolongation. The fact that this 
posterior *snout" served to accommodate the siphons is demon- 


strated by the presence of a definite median longitudinal ridge 


on the inner face of the prolongation. This ridge would have 
separated the two during the periods when they were extended. 

In 1890 Vincent described and figured (1890, p. vii) a speci- 
men of “Corbula henckeliusi" Nyst from the “sables de Wem- 
mel" in which he had found a small supplementary plate within 
the posterior prolongation of the right valve. "This plate 


m 


å Em v ~g 


seemed to have served as protection for the left side of the ` 


siphons in place of .a complementary prolongation of the left 
valve. He described it as follows: 


"Cette plaque, vue de face, a la forme d'un paralléllogramme 


* Published by permission of the Director, Geological Survey, United 
States Department of the Interior. | 

* Error pro Corbula henckeliusiana Nyst (1836, p. 4, pl. 1, figs. 8a, b); 
see also Nyst, 1843, pp. 63, 64, pl. 2, figs. 3a, a’, b, b’). ? 
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y oblique, incliné vers la gauche. Elle est légèrement courbée 


d'avant en arrière et divisée en deux par une arête obtuse qui 
la coupe en diagonale, produisant deux surfaces triangulaires ; 
. celles-ci sont inclinées de part et d'autre de l'aréte, et font entre 
elles un angle d'une centaine de degrés. Elle est formée de 
lames plus ou moins imbriquées, et son accroissement s'opérait 
comme celui des opercules à nucléus apical de certains univalves. 
Enfin, cette plaque est libre, ce qui fait supposer qu'elle était 
seulement reliée à l'épiderme. 


“Notre espèce, telle quon la connaissait, était trés asymét- 


rique; mais l'appareil dont il vient d’être question modifie en 

grande partie cet état. Cet appariel est évidemment l'homo- 

logue du rostre, que nous considerouns lui-méme, dans notre 

espèce, comme une pièce appendiculaire soudée à la valve 

droite." | 

— . Later (1910, pp. 140-142) he reported the discovery of a 
similar siphonal plate in “Corbula” regulbiensis Morris and 


figured two specimens, which he referred to this species, in 


which such a plate was preserved. One of these specimens from 
the *Corbula band" of the 'Thanetian, Eocene, was found 
between Reculvers and Herne-bay in Kent, England. It seems 
to be correctly identified. The other, from the “sables de 
Bracheux" at Chalons-sur-Vesle, is certainly not conspecific 
with the former. It is difficult to say at the present time just 
what species is represented, although it may possibly represent 
a specimen of *Corbula" lamarcki Deshayes. Concerning the 
plates of these specimens, Vincent says: | 

“La plaque de C. regulbiensis différe de celle de la Corbule 
des sables de Wemmel par sa moindre convexité et par son mode 
d’accroissement. Chez cette dernière espèce, la croissance de la 
plaque s'effectuatit à la fois en longeur et en hauteur, comme le 
montrent dépóts successifs de calcaire en forme de chevrons; 
chez la premiére, au contraire, elle avait lieu par la sécrétion 
réguliére des bands verticales seulement, comme en témoignent 
les stries d'accorissement allant du bord dorsal au bord ventral 
de la plaque." 

The discovery of these specimens led Vincent to propose the 
generic name Caestrocorbula, which he characterized as follows: 
"Coquille trés inéquivalve; valve droit rostrée; valve gauche 
non rostrée, mais prolongée en arriére par une plaque siphonal 
libre. Le type du groupe est I’ espèce des sables de Wemmel.” 
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i So far as the writer is aware this name was not used 
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remained in obscurity until 1926, when Miss Gardner (1926, 
p. 44) made the following statement. 

“Caestocorbula Vincent, type Corbula henckeliusi Nyst, is 
... a synonym of Corbula s.s. Caestocorbula was founded 
upon the supposed presence of a siphonal plate. "The nature 
of the plate and the mode of attachment are not obvious from 
the description or the figure, but the plate is either quite foreign 
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Figs. 1-6, Caestocorbula Vincent, 1910. 

1. Vincent's original illustration of the siphonal plate in “Corbula 
henckeliusi” Nyst. 

2, Caestocorbula elegans Sowerby. Reproducton of Woods' figure, pl. 
34, fig. 28a. Magnification said to be X5. 

3. Caestocorbula crassiplica (Gabb). Ripley formation, Coon Creek, 
Tennessee. X4; U. S. Nat. Mus. Cat. No. 103712. 

4-6. Caestocorbula ficus (Brander), Eocene, Wemmel, Belgium. This 
species was said by Vincent to be synonymous with C. 
henckeliusiana. 4. Interior of right valve, X2; U. S. Nat. Mus. 
Cat. No. 18070. 5. Both valves, viewed from left side, X2. U. S. 
Nat. Mus. Cat. No. 13070. 6. Exterior of right valve, X2; same 
specimen as fig. 4. 

Figs. 7-18, Parmicorbula new genus. | 

7, 10-12, 14, 15. Parmicorbula meaeroides (Blanckenhorn). Aptian, 
Cretaceous, Abeih, Lebanon Mountain, Lebanon. Type of Parmi- 
corbula. 7. Interior of right valve, X15; Am. Mus. Nat. Hist. 
Cat. No. 16403/4:2. 10. Dorsal view of paired valves, X1.5; Am. 
Mus. Nat. Hist. Cat. No. 16403/4:1. 11. Both valves viewed from 
left side, X1.5, same specimen as fig. 10. 12. Right valve, X1.5; 
same specimen as figs. 10, 11. 14. Young specimen with siphonal 
plate in position, X4; Am. Mus. Nat. Hist. Cat. No. 16403/4:3. 
15. Posterior view to show siphonal plate in position, X6; same 
specimen as fig. 14. 

8. Parmicorbula regulbiensis (Morris) Thanetian, Eocene, Herne Bay, 
Kent, England. Reproduction of Vincent's figure, said to be X3. 

9. Parmicorbula sp. Thanetian (?), Eocene, Chalons-sur-Vesle, France. 

| (=? “Corbula” lamarcki Deshayes). Figured by Vincent as Cor- 

Ep na bula regulbiensis Morris, said to be X3.5. 

18,16. Parmicorbula suffalciata (Wade), Ripley formation, Cretaceous, 
Coon Creek, Tennessee. 18. Both valves, viewed from left, X4. 

. Note the manner in which the dorsal and ventral margins of the 
right valve are bent to receive the siphonal plate, which is missing 
here. U. S. Nat. Mus. Cat. No. 103711. 16. Both valves, viewed 
from left, with siphonal plate in position, X4; U. S. Nat. Mus. 
Cat. No. 103710. 

17,18. Parmicorbula n. sp. (Stephenson ms.), Lewisville member, Wood- 
bine formation, Cretaceous, Texas. 17. Siphonal plate in position, 
X6;Ú. S. Nat. Mus. Cat, No. 103713. 18. Both valves, viewed from - 
left, with siphonal plate in position, X4; same specimen as fig. 17. 
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to the shell or a fortuitous character resülting possibly from 
some.of the pu phenomena of breakage that the Corbulae 
occasionally show.” 

The same statement was repeated in 1928 (p. 227), and her. 
conclusions regarding the nature of the siphonal plate were 
accepted, in manuscript, by the writer during the preparation 
of & réport on the *Superspecific groups of the Family Corbu- 
lidae.” In that report, however, it was noted that, although 
the name Caestocorbula seemed to be based upon a misconcep- 
tion as to the characteristics of the designated type species it 
is wholly available for the group of species included within the 
limits of the characters embraced by Nyst’s species. 

Just at this time, however, Dr. L. W. Stephenson was 
engaged in the preparation of a monogreph on the fauna of the 
Lewisville member of the Woodbine formation of the Texas Cre- 
taceous. “While examining the corbulid species of this collection 
Doctor Stephenson and the writer botk became aware of the 
fact that a peculiar structure, which Doctor Stephenson had 
noted on the posterior portion of one of his specimens, actually 
represented a siphonal plate similar to those described by Vin- 
cent. (See Pl. 1, Figs. 17, 18.) 

The discovery of this specimen led to an examination of a 
series of specimens of “Corbula”” meaeroides Blanckenhorn 
(1890, p. 96, Pl. 7, Figs. 3a, b, c) from the Aptian of the 
Lebanon Mountains, Republic of Lebanon, which had already 
been réferred in manuscript to Caestocorbula. Seven imma- | 
ture specimens in this collection proved to have the siphonal 
plates preserved. (Pl 1, Figs. 14, 15.) | 

Further examination of specimens in the collections at the 
United States National Museum led to the discovery of & speci- 
men of *Corbulamella" suffalciata Wade? (1926, p. 97 Pl. 31, 
Figs. 15, 16, 19, 20) in which a well-preserved plate was present 
(PL 1, Fig. 16) and of more than a dozen specimens of “Cor- 
bula" crassiplica Gabb (1860, p. 894, Pl. 58, Fig. 25) also 
containing stphonal plates (Pl. 1, Fig. 3). All of these speci- 
mens are from the Ripley formation at Coon Creek, Tennessee. 


* This species differs in nearly all respects from Corbulamella gregaria 
Meek and Hayden, the type of Corbulamella. A number of corbuloid 
species possess a raised platform for the reception of the posterior muscle 
scar, and that which is found in Wade’s species is quite different from 
the spoon-shaped proceas which ‘projects from the posterior dorsal portion 
of the shell in Corbulamella, Strictly — Oorbulomella appears to 
be still a monotypic genus. 
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In ‘addition to these. four Cretaceous species in which plates 
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have been found, a similar structure is clearly to be observed 


in the specimen of ' ‘Corbula” elegans Sowerby figured by iris | 


(1908, Pl. 84, Figs. 28a, b). 


Thus, the presence of siphonal plates has ‘been’ demonstrated | 
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E — Wemmelian “Thanetian, Belgium.. 
VERA Nass RUM A NEN Thanetian, CREE yi 


‘Eocene: 
` O. henckoluisiana Nyst 
O. regulbiensis' Morris 
“CO? Bp. (fguréd by Vincent as C. ragulbienais B 
? “0O” lamarcki Dent) 
' Cretaceous: 
. “O Pneaeroides Blanckenhofn 


New species, (Stephenson, Ms.) 7 
\ ; Woodbine formation (Cenomantan); United States. 


“Coram suffaloiata Wade- , 
AS — Ripley forination (Maestrichtion) United States. 


M — bs Vincent. ( see. above), there are Eno types of x 
‘In C.’ henckeluisiana, C. elegans; and C. 

— erassiplica’ the plates form an oblique trapezium’ which is. 

. inclined toward the left and, extends from the rostral portion 


pee plates. 


„of the'right valve dorsad along the posterior dorsal edge: of the 
- left. 
. from: the acute dorsal angle to the broader posterior ventral 
angle The growth lines fórm a chevron-shaped pattern and 
, occasionally form raised lamellar ridges. ‘The dorsal margin 


of the right valve tends to overlap: slightly the margin of the ` 


> plate, aiding in holding it in position. There is xo similar 


structure along the yentral margin of the right valve which E 
. tends to flare rather widely below the taran of the left valve. ` 


¿This i is the true Caestocorbula. 


In “Corbula” neaeroides, “C. » regulbiensis, «C. ” gp. (Vin- | 


` cent), “Corbulamella” suffalciata, and Doctor Stephenson’s 
new species the ‘plate is.of a more simple type being essen- 


E < tially rectangular with the dorsal edges ‘Sharply angulate and 


' produced laterally to form narrow flanges which are received 
' inside the dorsal und «ventral margins of the rostrum of the 
right valve. - These, margins also are twisted laterally to form 


“flanges similar to those of the plate itself. Growth took place 
at the end of the ipe and the sore pues trend transversely 


‘across it. 


1 
1 
E ` 
P 
- MPO 
* 


— England. . | 


. Ripley formation (Macstrichtian) United. States. oo 


There is a median. ridge extending diagonally. across. it 
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“The manner in which — plates. fit together clearly shows 
that they are not foréign to the shells, nor are to be accounted 
“for by any phenomena | of breakage. ‘Furthermore, there i is.a 
‘broad, shallow, and inconspicuous longitudinal median groove’ .. 
on the exterior of the plate whicli, when viewed from the end: 
of the shell (Pl. 1, Fig. 15), is seen to be complementary to a 
low ridge on the inner side of the plate. ' This ridge 1s immedi- 


' ¿` ately opposite the median ridge on the rostrum of the right 


valve. Together they divide the area within the rostrum into 
two separated tubes for the passage cf the siphons and give, 
. the outline of the inner margins of ‘the posterior. area a distinc- 
tive *figure 8" shape. : 

- There are thus two distinctively dieet TN of species | 
hearg siphonal plates of a different character and mode of 
growth. An examination of the colleztions shows that they 
occur in association, both first’ appearing, so. far as present 
knowledge i is concerned, in the Aptian of.the Lebanon Moun-. 
tains* and extending up into the upper Eocene. Both groups are 
represented in the Thanetian by speciniens.in which the plates 
are preserved (Caestocorbula henckeluisiana and “Corbula” ' 


|. regulbiensis) ‘and in the middle Eocene by species which, on. 


their shape, seem clearly, referable to trem. “Corbula” waile- 
siana Harris from the Jackson formation of Mississippi, Arkan- 
. sas, and Texas (probably of Bartonian age) is a Caestocorbula, 
and “Corbula” gibbosa Lea. from the Claiborne sand of Ala- 
bama belongs to the neaeroides group. 

-` Thé new generic name Parmicorbula i 13 therefore U for 
the latter group of species with “Corbula” neaeroides Blancken- 
horn as the type species. The name is a combination of the . 


Latin “parma” (a small shield) ` and Ccrbula and is in allusion - ~- 


to the protection furnished: the siphons by the siplional s 
' The two genera may = ae as 3 follows: 


‘ ; 


CAESTOCORBULA Vincent, 1910 
5  Platé 1, Figures 1-6. P 


Caestocorbula Vincent, 1910, Soc. Roy. Zool. Malac, de - Belg. y Ann. ‘(for 
1909), p. 191. — .' | 

t “Qorbula” — ‘Whitfield (1891), p . 418, . pl. T, figs. 19-21) ' — 
belongs to Oaestocorbula.- This deter iain is based upon the shape of 
the valves, for the sniall colléction available contains no specimens a ` 
which the Pinte is preserved, . í 
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Type, by original designation, Corbula henokeluisi Nyst [error pro C. 


henokeluisiana Nyst]. 


The shell is relatively small and very inequivalved. The - 
right valve is larger than the left, more inflated and produced 
posteriorly to form a prominent rostral “snout”; its surface is 
sculptured by coarse concentric ribs. The left valve is almost 
equilateral, sub-triangular in outline, not ‘produced posteriorly, 
but bearing a prominent posterior umbonal ridge. The dorsal 
margins of the right valve are strongly grooved for the recep- + 
tion of the margins of the left; the posterior dorsal margin of 
the right valve is sharply bent laterally to meet the dorsal 


. margin of a small, separate siphonal plate which served 


to protect the siphons in place of a rostrum from the left valve. 

The siphonal plate has the form of an oblique trapezium 
with the more acute angle at the anterior dorsal corner, which 
lies against the posterior dorsal side of the left valve. The . 
surface bears a distinct oblique median ridge that extends diag- 


* onally across the plate from the acute dorsal angle to the 
broader posterior ventral one. ' The surface of the plate is 


ornamented by raised lamellar growth lines that are chevron- 
shaped and parallel to the posterior and ventral margins'of the 
plate. ` | | 

The right cardinal tooth is triangular, relatively large, and 
heavy, and the resilial pit is prominent and elongate, extending 
dorsad slightly above the posterior side of the cardinal tooth. 
The left hinge consists of an anterior cardinal socket followed 
posteriorly by a moderately broad, projecting chondrophore. 

The muscle scars are slightly thickened and rugose; the pal- 
lial sinus is extremely well developed for the family Corbulidae, 
broad, and rounded. ' 

Remarks.—There are three species: Caestocorbula henckelu- 
isiana, C. elegans (Sowerby), and C. crassiplica (Gabb) in 
which plates of the form characteristic of this genus have been 
found. In addition to these the following species have been 
noted during a cursory examination of collections and of pub- 


| lished ilustrations, which, on thé basis of the shape of the shell 
. Itself, seem most probably to be referable to this genus: 


"Corbula" olivae Whitfield: Aptian; Lebanon Mountains, Republic 
of Lebanon. DA 
“Corbula” angustata Sowerby: Cenomanian; Europe. 


~ “Corbula” parsura Stoliczka; Trichnipoly group, India. 
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“Corbula” rugosa Lamarck; Culsian to Bartóujih: — Europe. 
“Corbula” costata Sowerby; Lutetian and Bartonian; western. 
Europe. à 
“Corbula” ficus Brander; Lutetian and Bartonian; western Europe. 
“Corbula” fossata Aldrich; Lisbon formation, Eocene; Mississippi. 
“Corbula” wailesiana Harris; Jackson A Eocene; Missis- 

sippi, Arkansas, and Texas. 
“Corbula” smithvillensis Harris; Mount nc formation, Eocene; 


“Texas. 
“Corbula” texana Gabb; Mount Selman formation, Eocene; Texas. , 


PARMICORBULA, new genus. 
Plate 1, Figures 7-18. 


Type species: Corbula neasroides Blanckenhorn [Aptian, Cretaceous, at 
Abeth, Lebanon Mountains, ee of Lebanon]; (Pl. 1, Figs. 7, 
10-12, 14, 15). 


The shell 1s of moderate size, moderately inflated, and very 
inequivalved. .The right valve is larger: than the left, more: 
inflated and produced posteriorly to form a prominent rostral 
“snout”; its surface is ornamented by coarse concentric ribs 
that die out before reaching the rostrum, so that the latter 1s 
generally relatively smooth.. The left valve is almost equilat- 
eral, not produced posteriorly, but bearing a moderately prom- 
inent posterior umbonal ridge; the surface is marked by con- 
centric ribbing, which is generally finer than that on the right 
valve. Occasionally, there are traces of radial ribbing present. 
The dorsal margins of the right valve are grooved for the recep- 
tion of those of the left, and just within the ventral margin 
there is a linear depression agus the inner side of which the 
left valve rested. 

Bóth the posterior dorsal and posterior ventral margins of 
the right valve are constricted at the &nterior end of the ros- 
trum, and along that structure are sharply bent laterally to 
receive between them the similarly bent margins of a small,. 
rectangular siphonal plate. The exterior of this plate is 
marked by a shallow, inconspicuous, median groove, and by 
growth lines which run transversely across it. Internally there 
is a low, median ridge, complementary to a similar ridge trend- 
ing parallel to the length of the rostrum of the right valve. 

The hinge, muscle impressions, and pallial sinus are similar 
to those of Caestocorbula. 

Remarks — plates of the type characteristie of this 
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my a os, E » — i D . l , 

UN E em | — | ^H. E. Voles—The Validity of the” E — 
— “genus | have been denedi in fout species: “Corbula” neaervides | 
i D MUN . Blanckenhorn,. “Corbila” reg: is Morris, “Corbula”. sp. E 
d P . (Vincent) [P= Corbula lamarcki Deshayes], and Parmicorbula .. 
(oN To m. Sp. (Stephenson, ms.). Judging from the shape oftheshells, . 


vie’  Cthe following p are also expected to prove referable to 
d ak  Parmicorbula: ` i LE l 


2.0 .“Corbula” substriatala D' — Senonian of Europe.. 
— “Corbula” striatuloides Forbes; Trichnipoly group, India. : 
d » “Corbula” terramaria Gardner; "Monmouth formation, : Cretaceous; 
Sov. 555 Marylandi , ` 
Lov) s “Corbula” longirostris pula ves;  Lutetian, Eocene; western Europe: 

de Qe 3 “Corbula” gibbosa Lea; Claiborne, Eocene; Alabama. © ' . 
xoci! « “Corbula? aldrichi Meyer; ‘Woods "Bluff UNDE, f Eocene; 
d ii E . Alabama, ' ^^ 4 e 
ce 54 . ^ The species included i in de lists given — for Caestócor- 
To o, | bula and for Parmicorbula are only those observed in & rapid 
"4.7 27 reconnaissance of the paleontologic literature. The lists are in - 
SU 752 Uomo sense complete, but they do serve to indicate that species of 
1 ; - these genera were widely distributed during the Cretaceous and 

‘Eocene times and accentuate the fact that siphonal plates are 


to be looked for in every collection representing species from 


— these periods. m 
Pos k 7 't $ . ; i t c : 
-— a E. Busocnasur. 
€ iste ations, Max: 1890. "Beitiage sur Geologie — die Entwick- 
T "i , elung des Kreidesystems in Mittel- pad iir co " Pp. iiv, 1-188, 


. pls. 1-11, 8 tables, Cassel. . 
; Gabb, William -Moore: 1860: “Descriptions of New Specles, of American ` 
es s Tertiary and Cretaceous Fossils.” ‘Acad. Nat. 8cl, Philadelphia, i. our. 
DRE 2d Ser. vol. 4, pp. 875-406, pls. 67-69. ` -` 
' +, Gardner, Ji ulia Anna: 1926. ‘The Nomenclature of the ——— 


TIAM É . Groups of Oorbula in the Lower Miocene of Florida." Nautilus, vol, . 
cs T ` 740, No. 2, pp. 41-47. i 
d n A — —— —1,1928. ‘The Molluscan Fauna of the Alum Bluff Group:of . 
gu : ‘ Florida,” Part 'V.. “Tellinacea, - Solenacea, . Mactracea, Myacea, 


— ' .  * Molluscoldea” U.S, Geol. Surv. Prof. Paper 142-E, FP Hs 185- 
tet 2.5.7 248, pls. 29-86. 

Ne ues Nes H.: 1888.. “Recherches sur les coquilles fossiles dé "Housselt et 
— Kleyn-Spauwén iod du Pinbonrg). "^ Pp. zinc pls. 1-4 


‘ es : 1843. Description des coquilles et des polypiers fossiles deg’  , 
C - AN terrains tertlaries de la Belgique.” _ Pp..1-615, Atlas, : pis. 1-48. * 
oac, Vincent, E.: 1890; “Sur une plaque cad observee ches le Oor- | 
PE un. bula henokeluisi." Ann. Soc. Roy, Malac, spe alee ll des seances, 
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Vincent, E.: 1910. "Presence dine Plaque siphohale — Corbis rious 
- biensis Morr,” ' Soc. Roy. Zoo]. Malac de Belg.; Annales, (for 1909), 
' vol. 44, pp. 140-142. — 


Wade; Bruce: 1926; “The Fauna of the : Ripley Formation on Coon Creek, 


Tennessee.” ` U. S. —— Surv Prof. Peper 187, PP. i-il. 1-272, pi; 
1-12. 
Whitfleld, * Robert Parr: 1891. “Observations on: some ticas Fossils 
from.the Beyrut District of Syria, in the Collections of The Ameri- 
. can Museum of Natural History, with Descriptions of sómé New 
.- Species.” Am. Mus. Nat. Hist, Bull, vol. 8, Art. 25, .pp. 881-441, 
pls. 4a-11.. 

Woods, Henry: 1908. “A Monograph of.the Cretaceous Lamellibranchia of 
England.” ,Vol. II, Part V., “Veneridae, Cardiidae, Diceratidae, 
Monopléuridae, and Corbulidae." axi dci Soc., London, PP. 
181-216, pls. , 28-84. l 
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. THE MOBILITY OF GREENLAND. 
' CHESTER R. LONGWELL. 
R. F. Loewe, writing from the University of Melbourne, 
has kindly called my attention to an important article 
by N. E. Nórland, Director of the British Geodetic Institute, 

-in which the results of longitude determinations in Greenland | 
are summarized (1937). In ihe George Darwin (Lecture 

delivered before the Royal Astronomical Society in May, 1987, . 

Doctor Norland discussed “Astronomical Longitude and Azi- 

. muth Determinations,” and referred to triangulations carried 
out under his leadership in Denmark and Greenland. His con- 
cluding paragraph is quoted here. 

“I just mentioned that we recently carried out a number of 
longitude determinations in Greenland, and I shall conclude 
with a short remark on these observations. We know that 
Wegener considered that his hypothesis of displacement of con- 
tinents had been supported by longitude determinations in 
Greenland, and from them he calculated that Greenland is 
moving westward about 20 metres a year.: But the old obser- 
vations used by Wegener were carried out with primitive instru- 
ments and he overrated their exactitude. In 1927 and 1986 
the Danish Geodetic Institute carried out longitude determina- 
„tions at Kornok on the west coast of Greenland with a first- 
class transit instrument, both times on the same pillar. Prac- 
tically speaking the two measurements gave the same result. 
It is most likely that the deviations of the old observations 
from the new’ones are the result of observation errors.” 

As du Toit states (1937), Jensen made a determination of 
longitude at. Kornok in 1922, and the station was reoccupied 
by Gabel-Jórgensen in 1927. Comparison of the results was 
accepted by Wegener and du Toit as a demonstration that - 
Kornok—and presumably Greenland—moved westward during 
the five-year interval at a yearly rate of about 86 metres. 
However the determinations of 1927 and 1986,. accepted as 
reliable by the Danish Institute, indicate no movement during 
that nine-year period. At present, therefore, there seems to . 
be no basis for any claim that longitude determinations in 
western Greenland support the concept of continental -drift. 


- Wonxs CrrED. | 
‘du Toit, A. L.: 1987, Our wandering continents, p. 800. Oliver and Boyd, 
, Edinburgh. 
Norland, N. E.: 1987, Astronomical longitude and azimuth determinations. ' 
Roy. Astr. Soc, Monthly Notices, Vol. 97, pp. 489-506. 
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DISCUSSION?” — bL 
. AUGITE IN HAWAIIAN BASALT — 


Recently: an interesting ` paper, r by Gordon A: Macdonald —€— 
in this Journal,’ The writer, wishes to. comment on.a minor point 
in that paper.. 

On page 184 Macdonald describes a pale. brown microphenocryst 
of pigeonite with +2V=45°2 
^ The writer, nets — of basaltlo iuga at some length 
a few years ago.” Edwards at the same time independently arrived 
at practically identical conélusions 'as to the phase relations of 


certain pyroxenes in such magmas.*. The conclusions are also . 


accepted with a few reservations by Walker* who has investigated 


pyxoxenes of.dolerites and diabases of Scotland, the — and | 


the Karroo. ! > 
While the writer does. not wish a force his suggested nomencla- 


ture for pyroxenes on unwilling petrologists, he would like to, make 


a strong plea. that at least that portion be accepted which limits the 


. use of the term pigeonite to one of the two phases of. clinopyróxene 
which may separate from basaltic magmas:, If some such distinc- 


tion is not made, there will be continued ‘confusion in the under- 
standing of phase relationships within basaltic magmas. 

The commonest clinopyroxene of diabases and basalts normally - 
has an optic angle of approximately 45° and the writer has sug- 


gested that this be called augite. " Clinopyroxene phenocrysts in 


flows may have somewhat larger optic angles (30°-60°): Pigeonites 


Li 


as defined by.the writer normally have optic angles ranging from 


0° to 25? and very rarely. reach 80°. There is a gap in observed. 
optic angle ranges between augite and pigeonite. The micropheno- 


cryst described by Macdonald is ‘from the writer's point of. Her | 


common augite. 
H. H. HESB, LT. CODES U.8.N.R, 
1 , l 


: Macdonald, Gordon Aa: 1944. The 1840 eruption and differentiation in 
the Kilauean Magma Column. Amer. Jour. Sci. 242, pp. 177-189. 

* Hess, H. H.: 1941. Amer, Mineral, 26, 515-585, 578-594. 5. 

*Edwards, A. B:: 1942. Jour. Geol. 50, pp: 451-480, 579-610. 

t Walker, -F.::1948. Amer. Mineral. m pp. aoe a da 


' 0.8.8. Oape Johnson, 
! F.P.O, Sax Francisco, CALIF. 
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| DISCUSSION. 
PYROXENES IN HAWAIIAN LAVAS! 


The foregoing criticism by Hess of a paper by the writer on the 
1840 lava flows of Kilauea? raises several points regarding the 
pyroxenes of basaltic lavas and Hess” classification of pyroxenes in 
general which require brief discussion. The general features will 
be treated first. 

In Hess’ classification® the name salite is applied to a group of 
monoclinic pyroxenes lying close to the diopside-hedenbergite jcin 
which for many years have been practically unanimously termed . 
augite, whereas the name augite, is restricted by him to pyroxenes 
containing 25 to 45 per cent CaSiO,. The latter group of pyrox- 
enes apparently has optic angles that range as low as 40°, as shown, 
on the curves given by Wager and Deer,* and therefore includes 
members that many petrographers have considered to fall within 
the range of pigeonite. 

Hess believes that there exists a compositional gap between. mono- 
clinic pyroxenes with optic angles of about 80° or less and those 
with optic angles of about 40° and more, and accordingly he sug- 
gests that the name pigeontte be restricted to those having optic 


angles of less than 82°. In regard to the pyroxenes of intrusive 


rocks the evidence does indeed appear to indicate such: & gap, but 
for the pyroxenes of rapidly cooled extrusive rocks the evidence is 
much less convincing. It is based on the fact that most published 
optic angle determinations fall below 80° or above 40°. The ground- 
mass pyroxenes of volcanic rocks are generally of very small size 
and difficult to work with, however, and reliable determinations of 
their optic angles are few. Most writers have been content to state 


. ; that optic angles of groundmass pyroxenes of mafic lavas range from 
~ "0? to about 50°. Such statements, of course, are of little value in a 


statistical study of the size distribution of optic angles, but do imply 


: 1 Published by permission of the Director, Geological Survey, U. S. 
Department o? the Interior. 

? Macdonald, G. A.: 1944, The 1840 eruption and crystal differentiation 
in the Kilauean magma column, Amer. Jour. Sci, vol. 242, pp. 177-189. 

* Hess, H. H.: 1941, Pyroxenes'of common mafic magmas, Amer. Mineral- 
ogist, vol. 26, pp. 515-585, 518-594. 

t Wager, L. R., and Deer, W. A.: 1989, Gebioatcal investigations in East 
Greenland, Part 8, The Petrology of the Skaergaard Intrusion, Kangerd- 
lugssuag, East Greenland, Med. om Grénland, Komm, for Videnskabelige 
undersøgelser i Grønland, Bd. 105, Nr. 4, Pp: 80. 
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a belief on T part of the investigators thet a more or less continu- 
'ous size gradation exists. 

The only thorough study of the mondi pyroxenes of a single 
lava known to the writer is that by Kuno in which he measured 
the optic angles of 46 grains of monoclinic pyroxene in an andesite 
of Hakone Voleano. He found that the values tend to fall in two 
` groups, one near 0” and the other near 40°, with none between 29° 
and 86°. Furthermore, the elimination of one value of 29° and one 
of 86° leaves a gap between 17° and 89°. This gap was used by 
Hess as supporting .evidence that the limited miscibility found 
among the pyroxenes of the intrusive rocks exists also in the extru- 
sives.: The measurements of 29° and 86° nevertheless do exist, 
and they reduce the actual gap at this point to a maximum of 7°. 
A larger gap of 12° exists between the measured values of 17° and 
29°, but falls within the range in which many pigeonites are known 
to exist in other rocks.. It is to be expected that other measurements 
will be found still further reducing the 7° gap, and probably entirely 
bridging it. Compositionally,.pyroxenes of the Downes Mountain 
- sill appear to fall at about this point®. and, Walker’s statements? 
also appear to indicate a lack of any gap in 2V above 82°. ‘Although ' 
there are almost certainly more pyroxenes having optic angles af 
less than 80^, and greater than 89^, it may be questioned whether 
any actual gap in composition exists. It appears more probable that 
among the metastable monoclinic pyroxenes of extrusive rocks there 
is a continuous gradation from those with an optic angle of 0° to 
those with optic angles of 50° or more. The same conclusion was 
reached by Edwards in his excellent discussion of monoclinic pyrox- ` 
enes. ‘He says: "It seems probable, however, that the width of the 
immiscibility gap between the augite series and the clinoenstatite . 
series ranges from zero to a maximum according to the temperature : 
and particularly the rate at which crystallization takes place. At. 
high temperatures and’ with rapid cooling, complete miscibility is; 
found; at ‘lower temperatures and with slow cooling a maximum 
immiscibility results.”* 

In the preceding discussion by Hess, he states hate comodas 
monoclinic pyroxene of basalts normally has an optic angle of 
approximately 45°, In the basalts of the Hawaiian and Samoan 
Islands that is definitely not so. In these lavas, with the exception | 
of the picrite-basalts, groundmass pyroxene greatly exceeds in 


" Kuno, H.,-1986, Petrological notes on pyroxene, andesites, Hakone Vol- 
, cano, Jap. Jour. Geol. and Geogr., vol. 18, pp. 107-140. 

* Edwards, À. B.: 1942, Differentiation of the dolerites of Tasmania, Jour. 
Geology, vol. 50, pp. 451-480, 579-610. See especially pp. 600, 602. 

1 Walker, F.: 1948, Note on the pyroxenes of basaltic magma, Amer. Jour. 
Sci., vol. 241, PP 617-520. 

? Edwards, A . B.: Op. cit, p. 602. 
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E , amount the pyroxene phenocrysts. In .most'specimens the-ground- 
a ` «mass pyroxene shows optic angles ranging from near 0°” to ‘about 
` 50°, small angles predominating ovér the larger ones. The variation | 
"A ,occurs among grains in single specimens, and to sóme extent even 
E | within single grains. There appears to be a complete gradation in. 
sige of the optic angle from one end of the series to the other, but 
Me this cannot be definitely asserbed, as determinations are based ‘on 
~ >~ 0, estimation from. the appearance of interference fgures rather than . 
o on instrumental measurements. The writer has seen no. evidence 
ut, |. whatever for the separation of the groundmass pyroxene into two 
i P Z : i; sharply distinguished types, Determination of the orientation of the 
i — „optic plane has not been attempted, however, as cleavage is gen- 
erally so poorly ee that no reliable direction of reference is 
available. i 
In the lavas. of Hawaii and Samoa phenocrysts. of monoclinic. 
pyroxene, when they occur, have optic angles ranging from 50° to 
60°. They would be termed salite by Hess, but the writer prefers 
_ to retain for them the familiar term augite," Microphenocrysts, such 
"o7 ^ | * | gg those in the 1840 lava, are related genetically and compositidnally 
M to the groundmass pyroxenes, rather than to the irue phenocrysts. 
They grade in size impercepibly into the groundmass, end many 
show outer zones in which the optic angle has the small size char- 
‘acteristic of the groundmass pyroxene. In the core of the micro- 
| phenocryst the estimated optic angle is generally 40° to 45^, values ' 
TN falling within the range of augite in Hess’ classification, but dis- 
| 7 - " tinctly less than ‘those in the associated true phenocrysts. Further 
R^ i evidence of the relationship -of' the microphenocrysts to the ground- 
.'mass pyroxene is found in rocks that contain both micropheno- 
] pied and megaphenocrysts of monoclinic pyroxene. In such rocks 
UN ' the megaphenocrysts- are generally partly resorbed, whereas the 
F microphenocrysts show no signs of resorption. There are, of course, 
p as i some true phenocrysts of microscopic size, but they show: the same 
mE , large optic angle, evidences of resorption as do the larger grains. 
‘. ` The megaphenocrysts definitely belong to an intratelluric genera- . 
`., + tion older than the microphenoerysts. This is in agreement with ` 
pes the older observations of Barth? ‘and Tsuboi? that megapheno- 
- .  . erysts of pigeonite (in the old sense) occur only very rarely. 
— J There remains to be considered Hess' original criticism. A micro- 
' phenocryst in the 1840 lava of Kilauea, with a 2V of 45°, was 
EN . . named pigeonite by the writer, but would be called augite by Hess. 
zm Like Walker, the writer is willing to accept a 2V of 82° as an 


? Barth, 'T. F. W.: 1981, Crystallization of pyroxenes Pos basalts, Amer. 
Mineralogist, vol. 16, pp. 195-208, 
1 Tsuboi, S.: 1982, On the course of crystallization | of pyroxenes from 
rock magmas, Jap. Jour. Geol. and. — vol.. 10, pp. 67-82. 
d ; = Walker, F.: Op. cit., p. 518. . 
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upper. > limiting — for pigeonite, regardless of the ena of , 
_ the optic axial plane. That would place such grains as the micro- 
phenocryst in question in the field of. augite. However, he feels 
that their more pigeonitic composition, as compared with the augite 
phenocrysts, and in mid-Pacific lavas their genetic relationship 
with ‘the true pigeonite of the: groundmass, should be emphasized. 
Consequently he suggests the name pigeonitic augite for such pyrox- 
enes in the mid-Pacific lavas, and possibly for such pyroxenes in 
general : The use of the name pigeonitic augite for this group of 
minerals would eliminate the necessity of using the unfamiliar name 
salite for the pyroxenes closer to the ‘diopside-hedenbergite join, 
which could continue to be known by their familiar designation aug- 
ite, and would indicate more clearly the identity of part of the 
present augite group with material formerly termed pigeonite. 

In conclusion, the writer wishes to point out that the above - 
remarks bear on only a small part of Hess’ discussion of monoclinic 
pyroxenes, and that Hess' work remains, in the writer's opinion, a 

valuable contribution to the understanding of an important group of 
igneous minerals. . GORDON A. MACDONALD. 


U. S. GEOLOGICAL Sunvey, 
HowxoLuLu, Hawarm. 
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/'"' SCIENTIFIC INTELLIGENCE 
i : Puysic8 AND CHEMISTRY. ` 


l An Introduction to Physical Statistics; by Rosemar Bruce Linp- 
‘say. Pp. ix, 806; 11 figs. New York and London, 1941 (John 
Wiley & Sons, Ino; $8.75).—If one accepts a widening use of a 
scientific discipline as a measure of its importance, the necessary 
appearance of more and more elementary expositions of the subject . 
is a corollary of the theorem implied. The term “elementary” is 
.used in its non-technical sense: the fundamentals of statistical 
mechanies are elementary or not according to the mental capacity 
of the student. In any case they can be presented in a moderately 
non-technical fashion, not beclouded by a dense haze of mathematical 
symbols, The. proof.of this statement may be readily obtained. by 
Lindsay’s book. Professor Lindsay sets out to provide “a thorough - 
' but not too lengthy introduction to the method of statistical physics 
. for readers equipped with an introductory background in the- 
oretical physics." He succeeds admirably. The author has nót 
attempted to present a thoroughly logical exposition of statistical 
mechanics from a single point of view. Such expositions may be 
` found in other places. Rather, he has done something much more 
important for the student; he has given an account of various phases 
of the subject in such a way that the relations, between them are 
shown with great clarity. After introductory chapters on the char- 
acter of statistical theories, elementary probability and the theory 
"of errors, and on thermodynamics, the author takes up in succession 
Maxwell-Boltzman statistics, an interlude on the kinetic theory of 
gases, classical statistics by the Gibbs method, and statistical 
mechanics by the method of Darwin and Fowler. The Darwin- 
Fowler method is then applied to the development of the funda- 
mentals of quantum statistics. The three concluding chapters con- 
tain applications of the methods to gases and solids, to the theory 
of metals, and to the emission of electrons from surfaces. All this ' 
in the space of three hundred pages; with problems: If one must 
find fault: the brevity of some.of the discussions may possibly be 
misleading. For example, from pages 81-88 one might get the idea 
that Poissan’s distribution law is the last word to be said on the 
subject of radioactive disintegrations. (Actually it is strictly 
applicable only in the case of very long-lived substances.) It is, 


however, scarcely fair to criticize an almost necessary characteristic - ' 


of “a not too lengthy introduction" to a subject. ` 

It may be worth mentioning that a smattering of vector analysis 
will be useful to the reader and that he should have at least & speak- 
ing acquaintance with integration in the ne plane. 
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The typography of the book is excellent; the equations and 
formulae are clearly set forth.’ Insofar as the reviewer is aware 
this book is the only one on its subject to be had at so low a price. 
| HENRY C. THOMAS. 


Mr. Tompkins Explores the Atom; by G. Gamow, Pp. x, 97; 22 
fips. New York, 1944 (The Macmillan Co., $2.00).—In his latest 
book in popular science, Gamow continues to use the characters 
introduced i in Mr. Tompkins in Wonderland, They are: Mr. Tomp- 
kins, a bank clerk; his wife, Maud, the daughter of a Physics pro- 
fessor; and the old professor. 

The reader is. first told the story of the dreams of Mr. Tompkins 
and Maud and in this way is introduced to the facts of the kinetic 
theory of matter, properties of the electrons and their place in an 
atom, and some ideas of the nucleus and nuclear structure. This 
is relatively light reading but provides a vivid pictorial background 
for the facts which are presented more logically in the four lectures 
which appear in the appendix. 

In his appendix Gamow describes the experiments and facts 
which gave rise to the kinetic theory of matter and introduces the 
concept of the atom. Next he discusses-the structure of the atom 
and some of the properties of the electron. He devotes an entire 
lecture to Dirac's theory of the electron and the positron and makes 
it sound plausible. He concludes his lectures by a discussion of 
nuclear particles, nuclear forces, and nuclear structure. 

The dreams are entertaining enough to make excellent reading 
for anyone. They dispel any prejudice the reader may have had 
toward Physics and inspire him to read the appendix. The appen- . 
dix although easily enough understood by the layman would make 
good i ale reading for a college course in Physics. 
ROLAND E. MEYEROTT. 


Colorimetric Determination of Traces of Metals (Chemical Anal- 
ysis, Vol. III); by E. B. SaN»ELL. Pp. XVI, 487; 78 figs. New 
York, 1944 (Interscience Publishers, Inc., $7.00).—The determina- : 
tion of constituents present in quantities of less than 0.01%, while 
once considered to be either impracticable or not worth the trouble, 
has in recent years become an important field in analytical chem- 
istry. This excellent book reflects the rapid progress of. the last 
fifteen years in the development of colorimetric methods. Many 
sensitive reactions have been discovered, and procedures have been 
developed for’ determination of as low as 10-396 of certain ele- 
ments. Nevertheless; the author is careful to emphasize that our 
knowledge of the application of, these reactions is still so imperfect 
that much work must yet be done on separation of traces and the 
effect of foreign elements on each color reaction. In the first part 
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| of the book ‘the mu presents the broáder aspects of trace — 
: There are chapters dealing with methods of separation and isolation 


' of traces; the optical methods of. colorimetry, spectrophotometry, 

- and ‘fluorimetry;- and colorimetric reagents which are of general... 
ma application such as dithizone. In the latter part of thé book the . 
‘author has collected procedures for the determination of. traces of - 


- forty-five metals and the rare-earths. Only a limited numiber of 


methods best sited to trace determinations have been chosen, and to 


a considerable extent these methods are based on the experience of 
' the author. There afe ‘frequent references to the original articles, 


many as recent as 1948. Explicit directions are given ‘for, each: 


. determination. -The standard curves which are often included should 
_ be very helpful. - The usefulness of the book is further increased 


“by the inclusion of many modifications of the procedures for applica- 


tion to special substances such as biological materials, silicate rocks, ` 
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A Mort History of Science; «by Sm Wirniaw CECIL Ducis. s 


Pp. x, 189.. New York,'1944 (Macmillan Company, $2.00).—Sir - ' 
William Cecil Dampier (formerly-Whetbám) is the author 'of sév- 


‘eral well-known treatises on the history of the ‘sciences,’ among 


~ thém “A history of Science" and. "The Recent Development of 


i Physical Science.” In his preface to the present book he indicates 


that the philosophie pàrt of his larger work, which placed partic-- « 
: ular, emphasis on the relations between, science and philosóphy, has: 
` been found difficult by numerous readers whose intefest was chiefly ' 
confined to science. “Hence he offers here a straightforward ie aa J 


*of the growth of science reduced to its simplest terms.” 

The rendering of the account is excellent beyond question. Depis. 
‘the stated restriction, large" perspective is present everywhere; 
the book is-no mere enumeration of scientific discoveries but the. 


enterprises. 

"What is noteworthy is. thé fortunate — that the hol iliodid 
appear at this time. There are far ‘flung signs of growing dis- 
gust at ‘the -socially sterile methods of teaching science. y One of . 
the remedies’ which’ have occasionally beén advocated is infusion 
. of an historical: outlook into elementary science courses: Here is & 


.- book that will adequately serve this purpose. “While it is written , 


"to meet’ the needs- of schools" (to quote its author) it deserves a 


-> place on the ‘desks of teachers of biology, chemistry,  mediciné,. 


anthropology, psychology; pee astronomy, and: physics. ` 
— ^ HENRY MARGENAU. 
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COMMENTS. ON THE RELATIONSHIPS jn 
OF THE CERVOID FAMILY 
| PALAEOMERYCIDAE. 
R. A. STIRTON. . | 


ABSTRACT. The Palacoiierydidae are here defined to include the Old 
World and New World non-antlered but. horned-and some hornless cervoids.. 
The genera with forked horns from the Old‘ World are included in the sub- - 
family Palaeomerycinae and those from North America with pointéd, bulb- 
ous or flat tipped horns are assigned to the Dromomerycinae. The horn- 
less ‘genera cannot. be assigned to either of these subfamilies until their 
relationships are better known. A phylogenetic chart and a table of'com- . 
parative Characters is drawn to illustrate the supposed relationships of the 
genera, which are discussed in the ‘text. ; 

‘No phyletic intergradation has been demonstrated between any. of the 
genera, though Blastomeryz may have given rise to Longirostromeryo. On 
the other hand Barbouromeryx-Drdmomeryz and Bouromeryo-Oramioceras 
may represent two instead of four genera. — ' ^ . 

Dremotherium from the early. Lower Miocene of- Europe seems neárer to 
the ancestry of the Palaeomerycidae. and of the Cervidae than any known 
„genus. Antlered forms (Cervidae) : ‘first appear in the late Lower Miocene 
of Eurgpé (Stephanocemus) thus being contemporary with the earliest 
occurrence of most North American genera (Palacomerycidae). l 

An attempt has been made to list the occurrences of the North American | 
genera under the geological ages ‘as ascribed by the, committee on nomen-. 


. elature and correlation of the N orth American continental Tertiary. i 


The suborder Pecora is divided into" three superfamilies—TRAGULOI- 
DEA' (Amphhnerycidae, Hypertragulidae, Protoceratidae, Tragulidae and 
Gelocidae); CERVOIDEA (Giraffidae, Palaeomerycidae and Cervidae); 
BOVOIDEA. (Antilocapridae and Bovidae). , The superfamily position, of 
the Moschidae is st!ll questionable but it seems to be closely er to 
oriei members of thé TPalatomeryciuae 4 


N an attempt to recognize the relationships of some ys 
A ‘cervoid. genera a brief review of the Cervoidea has been 
made. and a preliminary- phylogenetic: chart drawn. The 
accompanying table of comparative characters will disclose in 
brief some of the more important characters of the genera 
included in the: Palaeomerycidae. T 

‘It is suggested that the suborder Pecora. may de divided 


- conveniently. into three superfamilies—TRAGULOIDEA 


(Amphimerycidae, H ypertragulidae, Protoceratidae, Tragu- 
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. cidae and Cervidae); 


. Itself to subordinal classification. 
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lidae and Gelocidae) ; CERVOIDEA (Giraffidaé, Palaeomery- 
BOVOIDEA (Antilocapridae and 
Bovidae). This classification is based on the conclusion that 
both the Cervidae and the Palaeomerycidae arose from a late 
Oligocene Dremotherium or a Dremotheriwm-like form, that 
the giraffes are descendants from the basal Palaecomeryza. 
(?=Lagomeryx) stem possibly-in early. Miocene, and because 
the Palaeomerycidae as a whole occupy both an ancestral and 


R. A. Stsirion—Relationships of the 


‘an intermediate position to the Giraffidae and the Cervidae. 


Most classifications have used the suborder Pecora to include 
those selenodont artiodactyls with, incisiform lower canines, 
with united navicular-cuboids and with all upper incisors miss- 
ing or tending in that direction. This obviously is a closely 
related group though Archacomerys possesses three peg-like 
incisors and sometimes there is a vestige of an upper incisor’ 
in Hypertragulus; also the navicular and cuboid are imper- 
fectly ossified at least in some individuals of Protoceras. 
Nevertheless the group is a rather compact óne and lends ` 
Unfortunately for an 
arrangement of groups.into equivalent rank, the Traguloidea 
on the.one hand and the.Cervoidea + the Bovoidea on the 
other seem to be of about the same rank. ; 


TRAGULOIDEA. 


Lower premolars .somewhat 
trenchant, with inflections open- 
ing posteriorly ; 
not fused into cannon-bones, 


with keels of distal facets on | 


metapodials ' 


CERVOIDEA + BOVOIDEA. 


Lower premolars with inflec- . 
tions opening lingually; meta- 
podials II-III fused into 
cannon-bones, with keels of dis- 
tal facets continuous from pos- 


posterior surface. ~ terior to anterior surface. 


This offers an excellent example of the difficulty encountered 
in taxonomical classification. Because of the kinds of animals 
represented, another category is needed here to occupy a rank 
somewhere between the suborder and superfamily, though it is. 
not at all practical to propose. such a category. Colbert 
(1941, p. 21) has attempted to solve this difficulty by recog- 
nizing the Tragulina as of subordinal rank and limiting the 
Pecora to include the deer, giraffes and bovids. -This presents 
a clearer expression of the traguloids and related families but 
obscures the broader relationships of the Pecora as.a whole. 
It has frequently ‘been stated that a classification of the 
Artiodactyla is a. difficult problem. 


Cervoid F amily Palacomerycidas, 
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The Cd and Bovoidea, however, may be — as 


follows: 


CERVOIDEA. 


Hornless or with solid horns; 
cheekteeth brachyodont or 


hypso-brachyodont, enamel sur- 


face crenulated. 


BOVOIDEA. 


` Hornless or with hollow horns; 


cheekteeth — brachy-hypsodont 
or hypsodont, enamel surface 
only slightly if at all crenu- 


lated. 


ORIGIN OF THE CERVOIDEA. 


Matthew (1908) has pointed out strong evidence for the 
origin of the Cervoidea from Leptomerya of the North Amer- 
ican Oligocene. He also suggested that some of the genera 
may have descended from the European Prodremotheriwm ; but 
the presence of palaeomeryx-folds in Leptomergz together with 
numerous other primitive cervoid characters would seem to 
place it nearer the ancestry of the group as a whole. - 

In 1925, however, Matthew and Granger considered Euwmeryz 
culminis from the Hsanda Gol fauna of Mongolia as a primitive 
member of the family Cervidae, and from all indications the 
Hsanda Gol is as old as the first appearance of Leptomerya in 
North America. As to whether Ewmeryx is placed in the 
Cervoidea or Traguloidea is more or less arbitrary but recog- 
nition of its pre-cervoid characters is quite important—upper 
canine developed as tusk, slight traces of Palaeomeryx-fold, 
no trace of posterior rib on upper molars, inner crescents of 
lower premolars “nearly as in. Blastomeryy” (Matthew and , 
Granger, 1925) and metapodials united into cannon-bones but 
with distal keels not. extended over the dorsal surface (the 
last character is more like an advanced tragulid). Matthew 
and Granger recognize Humerya—“as representing a stage of 
ruminant evolution intermediate between Leptomeryx and 
Blastomeryzx' in the structure of teeth and feét; somewhat more 
progressiye in’premolar construction than Amphitragulus and 
Prodremotherium”—If, then the Hsanda Gol belongs in the 
Lower Oligocene the direct traguloid lines giving rise to the 
Cervoidea may not include Leptomeryx. Along other lines of 
descent Prodremotherwm, Bachitherium, Gelocus or Lophio- ` 
meryx may have given rise to the Bovoidea but to date no 
intermediate forms have been found in the Lower Miocene. 


* At that time Matthew considered species now included under Parablas- 
tomeryz, Blastomerys and dado as members of Cope’s 


Blastomeryz. 
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> PALAEOMERYCIDAE Lydekker 1888. 

The genus Palacomeryz, from which this family name was 
taken, was described in 1834 by H. von Meyer.. It was based 
on parts of lower jaws.and teeth from a Miocene locality near 
Georgénsmund, Bavaria. Though other teeth and mandibles 
were subsequently- recorded from other Old World Miocene 


- faunas it was one hundred and five years later that the first 


evidence appeared on: the nature of the horns in this animal. 
Dr. C. C. Young discovered, and P. Teithard de Chardin 
(1989) described, horns and dentitions from the Shantung 
Miocene of China which ‘indicate that the horns called 


 Lagomeryz. may belong to Palacomeryz. That these horns 


and jaws from China belonged to a given individual cannot be 
proven by this discovery but no other cervoid-like remains 
occur in the deposit and in Teilhard’s words— If they had been 
found in & European site, the above described jaws would, 
without any hesitation, be determined as Palacomeryz. 7" Lago- 
meryz horns and Palaeomeryx dentitions occur in the same. 
European faunas and their synonymy had been suspected . 
(Roman and Viret, 1984). 

The discovery in China led Teilhard to suggest that—‘a 
new and special family ought to be erected for Lagomergm, ' 
Procervulus and other Cervids (with non-deciduous antlers) - 


- of the Old World Miocene.” Pilgrim (1941), in his admirable 


paper on fossil types of horns, agreed with tihis thought. He 
proposed the name Lagomerycidae and provisionally included 
the multiple tined Climacoceras africanus MacInnes 900), 
from the Kavirondo Miocene of Africa. 

In view ofthe probable synonymy of  Palaeomersz and 
Lagomeryx it would seem advisable to retain! the name 
Palacomerycidae. Though Lydekker (1888, pp. 172-173) 
used the name in connection with an upper molar, Propalaeo- 
meryz svoalensis from India, which may be a giraffid, his con- 
notation was clear.. He was attempting to show its affinities 
with the palaeomerycids of the European Miocene and the 
family name was used to disclose that supposed relationship. 
As used here the family has a much broader scope. 

The cranium of Palacomeryz is still unknown, but the large 
premolars and other dental characters seem to place the genus 
near the ancestry of the giraffes on the one hand and perhaps 
not too far removed from the North American Miocene Dromo-. 
merya on the other and its horns are suggestive of cervid 
antlers. In view of our present knowledge the family may well 


*- 


Cervoid Family Palacomerycidaz. | . 687 
be used to include not only Old and New World non-antlered 
cervoids, but also included should be the hornless types some 
with stronger giraffid and others with M cervid | 


affinities. 
The Old World genera idi forked horns and the American 


genera with pointed, bulbous or flat tipped horns may be con- 


veniently divided into two subfamilies Palaeomerycinae and 
Dromomerycinae but it's difficult to know where to place the 
hornless geriera. In all probability they do not represent a 
taxonomic unit in themselves but each genus will eventually 
find its proper location in one of the above subfamilies or pos- 


. Sibly in the Moschidae when its relationships are clearly under- 


stood. The Palaeomeryx-fold lost its distinctness as a family 
character of the Palaeomerycidae when Schlosser (1924, p. 
75) directed attention to its presence in the lower molars of 
Capreolus loczyt (Kormos) a member of the Cervidae from the 
Pliocene of Hungaria. "Then, too, in most genera nere assigned 


to the family the fold i 18 missing. 


GEOLOGICAL RANGE OF NORTH AMERICAN 
PALAEOMERYCIDAE. 


Machaeromeryz—Upper Harrison—ARIKAREEAN. . 

Pargblastomeryz—Rosebud; Upper Rosebud; Lusk, Lower Harri- 

son; Thomas Farm; (Bridgeport; Observation Quarry; B 
Quarry; West Cherry County)—ARIKAREEAN. Antelope 
Valley; Virgin Valley —HEMINGFORDIAN. Burge— 
CLARENDONIAN. Xmas and Machairodus Quarries— 
HEMPHILLIAN. l | 

Blastomeryz—?Garvin Guly—ARIKAREEAN. Sheep Creek; 
Antelope Valley—HEMINGFORDIAN. Pawnee Creek; 
(Horse Quarry, Devil’s Gulch); Sarita Fe; (North Santa 
Clara River ;? Santa Cruz; Santa Clara Canyon) ;? Lower Snake 
Creek; (Midway; Elliot Ranch; South of Logan, Montana); 
Niobrara River—BARSTOVIAN. ' 

Longirostromeryz—Kilpatrick Pasture Quarry 7, Upper Srake 
‘Creek; (Willow Creek; Quinn Ranch; Horsethief Canyon; * 
Bear Creek); Burge; Clarendon; Little White River; Big 
Spring Canyon —CLARENDONIAN. 

Aletomeryz— Lower Harrison; (B Quarry; Bridgeport)—ARI- 
KAREEAN. (Antelope Creek; Barbour-Hemingford Quarry; 
Marsland; 15 miles northeast of Marsland)—HEMING- 
FORDIAN. 


* Called Longirostromerys blicki by Frick: 1987, pp. 224, 284-286, fig. 22A, 
F:A.M, 81784, p. 221; fig. 28, F:A.M. 81898, p. 222. 


"i 
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Dyseomeryz—(=Syn. Sinclairomeryz) -Sheep Creek; — 
Quarry; Thistle and Long Quarries ; Gin Q pou cM 
INGFORDIAN. ` 

^ Rakomergz—Green Hills, Barstow; Y ermo, Mojave Desert—BAR- 
STOVIAN. 

M ithonerga-c( o Quarry)—ARIKAREEAN. 

Drepanomerya—Sheep Creek? —H EMINGFORDIAN. 

Barbouromergz— (Bridgeport; Quarry B; 11° miles southwest of 
Marsland)—ARIKAREEAN. (Antelope Creek) —HEMING- 
FORDIAN. ` 

Dromomeryx—(Observation Quarry)—ARIKAREEAN. (Thom- 

à son, Greenside and Long Quarries); Sheep Creek; Skull 
Spring; Mascall—HEMINGFORDIAN. Deep River; Paw- 
nee Creek; (Echo Quarry) —BARSTOVIAN. 

Bouromerya— (Observation Quarry)—ARIKAREEAN.  (Green- 
side Quarry) —Sheep Creek —HEMINGFORDIAN. (Echo 
Quarry) —- ? Lower Snake Creek; Madison — panes 
Creek—BARSTOVIAN. 

Cranioceras—? Virgin Valley—HEMINGFORDIAN. Pawnee 
Creek; (Lower Madison Valley; Santa Cruz); Santa Fé; Nen- 
zel; Lower. Snake Creek; (Horse Quarry; Devil's Gulch; Sur- 
vey Quarries}; Niobrara River—BARSTOVIAN. (Spring 
Canyon); Upper Snake Creek, in part; Clarendon—CLAREN- 
DONIAN. Leptarctus Quarry—HEMPHILLIAN. 

Pediomerya—Norris Canyon, possibly Siesta; ?Big Spring Canyon 
—CLARENDONIAN. (J. D. Rankin Quarry); Wray; 
Optima; Hemphill—HEMPHILLIAN. 


“The above list is, primarily, a compilation, but an attempt . 
is made to indicate the geological age of the different faunas 
' and occurrences. Those in which the fauna and stratigraphic 
position is not definitely known by the author (listed by Frick 
1987) are enclosed in parentheses. ‘The identification of three 
specimens known to. the author are questionable and these 
occurrences are preceded by question marks. 
The phyletic position of Pediomeryx (Stirton 1936) is still 
questionable. Its short, thick teeth are more suggestive of 
the giraffes than the deer. . If the horns which Frick figured 
(Yumaceras figginsi, 1987, fig. 12A) are correctly associated 
with the Pediomerga dentition we have here an unusual associa- 
tion of characters. As Frick (1987, p. 142) observed the horns 
are “not unsuggestive of a very heavy skulled pronghorn," 
. In our series of Sphenophalos horn cores from the Thou- 
sand Creek (Hemphillian) of Nevada there are specimens that 


* Matthew (1924, p. 68) records this genus from the Lower Snake Creek. 
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agree with Yumaceras both in size and shape. This indicates 
that Ywmaceras (horn) is a generic synonym of the antiloca- 
prid Sphenophalos ‘but the lower jaw fragment (Cook 1922, p. 
' 28) as well as the lower jaws on p. 21 are probably referable to 
Pedtomeryz; likewise the $ Cranioceras maxillary and the pal- 
aeomerycid lower jaw and M, from Big Spring Canyon, South 
Dakota (Gregory 1942, pp. 400-401) are nearer to Pediomeryz 
than to any known genus, but do not belong to any described | 
species. In all probability Procoileus edensis Frick (1937, p. 
191) also belong to the genus Pediomergz. * 

Dromomersgz, Barbouromeryz, Cranioceras and Bouromeryz 
represent a rather compact group in the Palaeomerycidae. 
Eventually it may be deemed more convenient to include Bar- 
bouromeryx in the genus Dromomeryz and Bouromergz is 
` probably more certainly referable to Cranioceras. ‘This group - 
possibly carries back to a common ancestry in Dremotherium 
where they converge with the ancestors of Palaeomeryx of the 
Old World, or, and this appears less likely, they arose from 
the basal Parablastomeryx stem in America. Members of the 
group may be recognized by a markedly similar construction 
of the horns, brachyodont teeth with Palaeomeryx-folds on 
the lower molars. 

Barbouromeryr possesses characters which might be expected 
in the basal line of Dromomeryx. This was indicated by 
Barbour and Schultz (1934) but without some faunal and 
stratigraphic information its age cannot be at all accurately 
determined nor can the genus add much to a phylogeny of this 
kind without such data. For these reasons it has been placed 
. in the Dromomergz line. An animal like this with upper tusks 

. and with short, basal-flanged horns should be accorded generic 
rank if it is as young as early Barstovian or late Heming- 
. fordian, since there are specimens clearly referable to Dromo- 
meryr from older beds in the Sheep. Creek and in the Observa- 
tion Quarry. l 

 Bouromeryz offers a similar problem but is even closer to 
. Cranioceras than Barbouromeryz is to Dromomeryz. If it is 
not congeneric with Crantoceras it certainly is ancestral to it. 
Frick (1987, p. 127) did not assign the subgenus Bouromeryz : 
to any genus but evidently favored placing it in his “Cranio- 
ceratinae.” "The postorbital horns without basal flanges are 

suggestive of Cranioceras, and Bouromeryx milleri shows a 
marked development of the metaconid on P, very much as in 
Cramioceras. Cranioceras is distinguished from Dromomeryz 
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primarily by its peculiar superoccipital horn and postorbital 
horns without basal flanges. A critical study of the Virgin 
Valley specimens in the University of California collections 
reveals that they are more like Cransoceras than Rakomeryz, 
as listed by Frick (1987, p. 106). This: conclusion is sup- 
ported by the straight horn and presence of Palaeomeryx-folds 
on the lower molars. Gazin (1982, pp. 82-84, figs. 16-17) 
evidently was correct in referring the Skull Spring specimens 
to Dr OMOMETYL. | 

Rakomeryz is difficult to place. The strongly bowed and 
pointed horns and lower. molars without Palaeomeryx-folds 
‘offer a distinctive combination of characters. In Frick's (1937, 
fig. 8, F:A.M.31800) figure there seems to be faint traces of 
the Palaeomeryx-folds but Frick does not mention them nor 
do the University of California specimens show the structure. . 
If there is a trace of the fold, this together with the forward 
direction of the horns and slight basal flange would place the 
genus near the Dromomerya group. All clearly identifiable 
remains have been found in the Barstow. 4 

The position of Drepanomeryz and Matthomerya. are even 
more uncertain. Frick places them in his “Dromomerycini” 
division. Both are known from horns with referred dentitions 


C. which may or may not be correctly associated. The horns 


assume & posterior direction from the orbit thus differing 
markedly from those of Dromomeryz with an anterior direction 
‘and those of Crantoceras which are vertical or nearly so. 
Drepanomeryz and M atthomeryz show similarity to Dromo- 
` meryæ but not to, Cranioceras in the presence of basal flanges. - 
The horns are long and slightly twisted in both animals. In 
Drepanomeryz the distal extremity is flattened whereas in 
Matthomeryx the horns are heavier but. not flattened distally. 
` Frick considers Matthomeryz as a subgenus of Drepanomerye. ` 
Aletomermyz and Dyseomeryz (Syn. Sinclairomerya Frick) 
are very much alike in the size and shape of their anteriorly 
curved orbital horns. These horns bear a knobbed distal end 
somewhat suggesting the pedicle of the- living muntjac but 
‘among the numerous specimens discovered no one has reported 
an antler nor is an ossicone present in so far as we now know; 
but we know nothing of their early Lower Miocene predecessors. 
How these horns were covered is of course open to question but 


` -a covering of skin resembling that in the giraffe is not incon-. 


sistent with the evidence. The cheekteeth are high brachyo- 
dont types and there 1s no trace of a Palaeomeryx-fold. Lull 
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mentions two- lacrymal:. foramina within the orbital rim of 
Aletomerya. 

Blastomerya and: Xiao NE were evidently iomas 
that is, horns have not béen found that would seem referable 


-to these animals. The skulls are not known. The lower jaws 


and teeth are quite distinct as may be seen. from the table of 
. comparative characters; Longirostromerya, the youngest 
genus, possesses higher crowned teeth and & greater reduction . 
in the premolars. Blastomerya evidently gave rise to Longi- 
l rosiromeryz in the early a oa Both genera occur in 
- the Burge. 

Parablastomerya ranges fram the Arikareean (Rosebud) up 
to the early Hemphillian where Frick's field parties have found 
them in the Xmas and Machaerodus quarries in Cherry County, 
Nebraska. ‘There is nó trace of the genus nor a likely ancestor 
in the John Day, early Arikareean, or late Whitneyan; but 
Matthew.(1908, p. 556) reports one from the Lower Rosebud, 
Arikareean. The genus differs from Blastomeryx and Longi- 
rostromeryx in their more complicated upper molars, well 
defined protocones on P??, palaeomeryx-folds on the lower 
molars, léss reduction of the premolars and shorter post- . 
" symphysial diastema. Possibly there is an intergradation 
` between Blastomerya and Parablastomerya in some early Mid- 
dle Miocene fauna but no evidence to that effect has. been 
disclosed. | 

In 1911 — (pp. 278- -280) described Blastomerya > 
mollis from Virgin Valley, later other specimens were found in . 
High Rock Canyon also in Nevada. -In their dental characters 
- these specimens seem referable to Parablastomeryx.  Palaeo- 
meryx-folds, unreduced premolars, P?3 with prominent proto- 
cones, mandibular ramus curved, are some of the generic. 
' characters so clearly displayed. At the same time Merriam 
figured (1911, p. 284, figs. 64, 66) two kinds of horns the one 
(fig. 66) with & vertical. Paon over the orbit he referred 
to Merycodus near furcatus, the other (fig. 64) with a slight 

í 
downward duryature and with a marked posterior direction 
from the orbit he assigned to Merycodus nevadensis. Frick’s 
. (1987, p. 350). suggestion that the horn shown in Merriam's 
fig. 66 may represent M ergcodus nevadensis is probably cor- 
rect. The only other dentitions ‘with which the second horn 
might be associated in' the Virgin. Valley fauna* belong to 


t This fauna includes both the Virgin Valley. and s Rock Canyon 
Sspemibi ges: . 
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Parablastomeryz mollis (Merriam). Two.other — found 
later in High Rock Canyon evidently from one animal display | 
the characters even. better than in the specimen figured by 
Merriam. 

These horns are small, averaging about 10 mm. in diameter 
with the vertical measurement usually exceeding the transverse 
by one millimeter. , Flatness in Merriam’s specimen is due to . 
crushing, at least in part. The angle between the horn and 
the horizontal plane of the cranium is approximately 45^, thus 
. confirming a similar measurement made by Merriam. > There is 
no indication of a burr-like process, but tiny vascular grooves 
occur on the surface of the horns. The shape of the horns is 
suggestive of the pedicles in the Asiatic muntjac but the fossils 
are more decurved and less flattened. The width between the . 
base of the cranium is 22 mm. and the superior edge of the 


`~ orbit is more protruding than in Cervulus. 


Other specific characters are noted in the dentition: greater 
reduction in P, and slightly: smaller size than in P. galushi. 
‘The antero-posterior brevity of M, in the type is difficult to 
explain, the three topotypes and one specimen from High Rock 
Canyon do not agree with the type. Mesostyles on P?? slightly . 
inside lines drawn between outer points of parastyles and meta- 
styles; external grooves both anterior and posterior to meso- | 
styles on premolars deeper than in P. galushs ; fossettes not as 
deep nor as distinct; well defined ridges extending from tip of 
mesostyles down into fossettes; protocene on P? with anterior 
and posterior groovés. Upper canine slightly larger and a. 


` , little more curved than in P. olcotti (Matthew 1908, p. 588, 


fig. 2), with posterior edge sharp and anterior edge broadly 
rounded, also with 11 mm. (length) groove starting 5 mm. 
below edge of alveolus and extending partially down the inner 
side of the tusk. 

The three known skulls of Parablastomeryz, P. primus (Mat- 
thew), P. falkenbacht Frick and P. gregorii Frick are hornless, 
From this evidence it had been concluded that Parablastomeryz 
did not possess horns. It is possible, however, that the three 


l . skulls belonged to femalés. . On the other hand it would seem 


that some horns, if they were borne by the males, should have 
. heen uncovered in one of the Great Plains faunas containing 
these small ruminants. Thus it can only be stated at this time, 
that the Virgin Valley materials indicate the presence of horns 
in the species P. mollis. Perhaps the species is worthy of 


— 


< j 
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generic designation, but it will probably be.less confusing to | 
await more information and a clarification of relationships. 

No additional light has been thrown on the relationships of 
Machaeromeryr since Matthew described it in 1926. It will 


ÉS 











Fig. 1. Parablastomeryz mollis (Merriam), Virgin Valley fauna, Hem- 
ingfordian, Nevada; Univ. Calif. Mus. Pal. specimens A-C, nos. 11665, 11567, 
11564, -about one and one-half natural size, Virgin Valley; D, no. 11541, 
slightly less than tbree-quarters natural size, Virgin Valley; E, no. 24801, 
about one-half natural size, High Rock Canyon: o-upper canine, hyld- 
hypolophid, mes-mesostyle, mte-metastyle, -pal-paraloph, pald-paralophid, 
pr-protocone, pri-protoconid, pri-protoloph, prid-protolophid, pred-proto- 

- slylid, pzd-Palaeomeryx fold. Drawn by Owen J. Poe. © 
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be interesting to see the results of a detailed comparison of ` 
^ M. gilchristensis White (1941) with species like Parablasto- 


mergam. scotti, though the Palaeomeryx-fold appears to be miss- 


] ing in the Florida specimen. 


According to Stehlin (1914) Amphitragulus. ranges. — 


the Stampien to the Burdegalien., These are the approximate 
equivalents of the Whitneyan and late Arikareean in North 


America. He also records Dremotheriwm from the Aquitanian 


'only and this is about early Arikareean time. Viret (1929, 


chart between pp. 296-297), however, shows & range for, 


Amphitragulus from the Upper Stampien into the early Pon- o 


tien; he does not give the geological range for Dremotherium 


. but describes specimens from Saint-Gérand-le-Puy (Aquitan- 


ian). These animals belong to the Cervoidea as that super . 
family is defined here and certainly they are'older than any of 


. - the North American forms. Viret suggests that Dremotherium 


is nearer to the ancestry of the Cervidae than is 4mphitragulus. 


- If this.is true it could be the precursor of all later Cervoideá. 


Dremotherium differs from Amphitragulus as follows: Pre- 


"orbital fossa and lacrymal fenestra; upper orbital rim with 
" «greater lateral projection; three instead of four lower pre- l i 


molars ; Palaeomeryx-fold is a little more prominent ; inflections 


.. on lower premolars with less posterior direction. 


| MOSCHIDAE Gray 1821. | 
"The phylogenetic position of the musk-deer, Moschus,* is still 
questionable. ` ‘Strictly speaking it-should not fall within the 
scope of this short paper but its-bearing on the subject at 
! hand seems worthy of some discussion. Only one fossil Species 
is recorded, it was described and figured by Schlosser (1924b, ` 


` pp. 89-91, pl. 5, figs. 1-9) from:the Pliocene of China. Though 


there are some characters which might be compared a little 
more in detail with the living “animals, Schlosser's description : 
and.figures seem clear enough for the generic recognition of 


the fossil. To date we can only guess at fue ancestry ‘of the. — 


penus,  . ! 
Flower (1875, p. 180) has demonstrated rather clearly that 


CU Moschus is not closely related to Tragulus. The general con- 


1 


`: sensus has favored considering it as & primitive member of the 
—.. Cérvidae, but Garrod (1877, pp. 291-292) was not so inclined, 
, he was impressed with its bovid affinities. The presence of a 


' SÓ am grateful] to Dr. W. H. Osgood, Chicago Museum of Natural His- 
tory si the loan of three, Mosohus skulls. 
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gall bladder though sometimes found 1n the Cervidae 1s by far 
more characteristic of the Bovidae. Other characters of the 
soft anatomy seem to be about equally bdlanced between the two 
families. The absence of horns? and presence of large sabre- 
Jike upper canines are found in 'cervids and palaeomerycids but 
not in bovids, on the other hand, the smooth enamel surface in 


PHYLOGENY OF PALAEOMERYCIDAE 
| AND CERVIDAE. 
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Fig. 2. A phylogenetic chart showing the apparent relationships of the 
genera of Palaeomerycidae—Genera of the Cervidae are shown in a con- 
densed phyletic plan to Illustrate the antiquity of antlered forms. The 


` family Moschidae is included but its phyletic position is not known. Drawn 


by Owen J. Poe. 


“The horns of giraffes are quite different from those in the deer and the 
bovids. 
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— 
the cheekteeth finds its greatest similarity in the bovids. 
Brachyodont teeth are found in both groups. In tHe reten- 
tion of vestigial metacarpals II and V and the presence of 
phalanges fore and aft we are again confronted with cervid 
and palaeomerycid characters, but variable characters like these, 
based on vestigial parts are likely to be of minor significance 
in differentiating higher taxonomic units. The single lacrymal | 
foramen within the orbit is more common to the Bovoidea 
' though here again there are exceptions; in Bison, Tragelaphus, 
Oreas and Antilocapra the foramen is cervid-like. On the 
other hand, it is either absent or vestigial in the giraffes. 
Unfortunately Frick does not mention the structure in his 
. study of the horned ruminants. 

It might be worth while to list some of ilie most conspicuous 
characters of the skull and mandible: masals long and narrow 
and of more or less equal width throughout ; nasal in wide 
"sutural contact with the premaxillary; facial vacuity small; 
no lacrymal fossa; one lacrymal foramen within (not on) the 
orbital rim; posterior narial chamber not completely divided 
. by vomer; bulla not inflated ; external auditory meatus directed 
postero-dorsally. Canines long, bowed laterally, and slightly 
decurved; surface smooth, without posterior serrations. Cheek- 
teeth hypso-brachyodont, with smooth enamel surface. No 
trace of P?. P? greatly reduced, parastyle missing, or vesti- 
gial, deep, wide groove between mesostyle and metastyle. P? 
cerviform, small fossette formed in posterior part of tooth by 
thin crest connecting ectoloph and inner crescent, distance 
between mesostyle and metastyle relatively -and actually much 
shorter than in Parablastomeryz galushi. P* cerviform and 
with no traces of inner cingulum. . Molars without complicated 
connections and cróchets in the fossettes, protoloph and meto- 
loph connected by tiny crochet, no traces of inner cingulum or 
protostyle. In the lower teeth the most conspicuous differences 
from Parablastomeryz are: anterior fossettid narrow, talonid 
- on P,; absence of mesostylid on molars and development or 
tendency to develop a labial spur on metaconid, no Palaeo- 


^ meryx-fold. 


It seems clear from the — UE above that Moschus | 
18 xeferable neither to the Bovoidea, the Giraffidae, nor the © 
Cervidae as we-know these groups today, but its broader rela- 
tionship to them is apparent. It fits somewhere into the 
Cervoidea + Bovoidea complex. Perhaps it belongs with the 
Palaeomerycidae and arose from Blastomerya or from a com- 
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mon ancestor with Blastomeryx earlier in the Lower Miocene. 
Matthew (1908, p. 546) states—“*that its [ Parablastomeryz 
primus] structural resemblance to Moschus is greater than to 
any other hving genus." The dentition of Blastomeryz 1s even 
closer to that in Moschus. Of course the possibility of its : 
dhcestry extending back to Dremotherium or even Amphi- 
tragulus of Europe must not be overlooked. Certainly there 
is no known evidence to exclude these possibihties and the 
broad similarity of the genera offers much in its favor. Such 
features as the smooth enamel surface of the cheekteeth and 
the specialized feet in Moschus could have been acquired since 
it diverged from its early Miocene ancestry. These and other 
differences in the cheekteeth and in the absence of a detailed 
comparison between the skulls of the known Parablastomeryz 
and Moschus make it unsatisfactory to include the Recent 
genus in the Palaeomerycidae at this time. 


CERVIDAE Goldfuss 1820. 

It is not the purpose of this paper to discuss the inter- 
generic relationships of the Old World Cervidae. Information 
on the different genera may be had from papers written by 
Bohlin (1987), Colbert (1986-1940), Dehm (1937), Filhol 
(1891), Haupt (1934), Khomenko (1913), Mac. Innes (1936), 
Mayet (1908), Pilgrim (1941a, 1941b), Schlosser (1924a, 
1924b), Stehlin (1914, 1928, 1935, 1937, 1939), Teilhard 
de Chardin (1939), Teilhard de Chardin and Trassaert (1937), 
and Zdansky (1925). In reviewing these papers it is clear 
that antlered cervids carry back into the Burdegalien of the 
Old World (Stephanocemus) and at that time show no clear 
intergradation with earlier genera. The Old World palaeo- 
merycids Palaeomeryz, Proceroulus and .Climacoceras with 
palmate-tined, two tined, and multiple tined horns without 
burrs seem to approximate the Cervidae more closely than do 
the North American genera; on the other hand it has been 
pointed out elsewhere that the large premolars of Palaeomeryz 
are somewhat suggestive of the late Miocene and early Pliocene 
giraffes. ‘The complicated antlered deer (Cervinae) evidently 
arose from the Miocene cervids through animals like Cervocerus 
Khomenko in the late Miocene or early Pliocene. There is no 
record of true deer in North America until the Upper Pliocene’ 
(San Joaquin clay). | 

'"Procoileus edensis Frick (1987, p. 191, fig. 20, F:A.M. 81772 from the 


Mount Eden fauna (Middle Pliocene) of Southern California is probably 
closely related to Pediomeryo). 
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FOSSIL IMPRINTS OF UNKNOWN 
ORIGIN: 


BARNUM BROWN an» H. E. VOKES. ^ 
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II. FURTHER ÍNFORMATION AND'A POSSIBLE 
EXPLANATION. 


L 


ABSTRACT. Additional material has indicated that the form originally 


described in this Journal in a note bearing the above title is rather widely. 


distributed in the upper part of the Mowry shale In Montana and Wyoming. 
It thus seems to have stratigraphic significance, and is here named Asterich- 
nátes octoradiatus new genus and species. A review of the evidence fur- 
nished by all known material, correlated with other data permits the sug- 
- gestion that these imprints may have been formed by some type of 


dibranchiate cephalopod. 
An appendix contains the results of an examination, by Dr. Valentine of 


Brooklyn College, of the sediments in which the imprints are found and 
permits an explanation for their preservation. + 


N a recent report (Vokes, 1941), the junior author pub- 

lished & short description of an unusual type of fossil 
imprint and requested suggestions as to its possible origin. 
A number of such suggestions were received, but none of them, 
in his opinion, were such as to fulfill the requirements obviously 
made by the nature of the fossil itself, or which did not meet 
with fundamental objections based on the nature of the animal 
types proposed, at least insofar as the animal types suggested 
are. known in their modern development. 

In addition to these suggestions, photographs of very similar 
markings were forwarded by Dr. John B. Reeside, Jr., of the 
United States Geological Survey. These had been taken by Dr. 
W. G. Pierce, of the Survey, during the 1941 field season. The 
fossils were found in sandstone beds in the Mowry shale, at a 
“point several miles northeast of Cody, Wyoming, where a new 
irrigation canal crosses the Mowry outerop."? The fossils are 
apparently identical with those that had been described earlier, 
but there are certain ‘peculiarities in some of the imprints. which 
merit attention and will be discussed below. 

' Finally, while engaged in field work in: Montana during 
November, 1941, the senior author secured two large slabs 
containing a number of the imprints. ‘These have since been 


1 Published by permission of the Director, Geological id United 


States Department of the Interlor. . 
2 Letter from Dr. Reeside, dated. November 28, 1941. 
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prepared in the laboratory and were studied during the prepa- 
ration of this report. 


i 
; OCCURRENCE. 


N Geographic. The specimen originally described and figured 


was obtained through Mr. Oscar T. Lewis from a locality about- 
fifteen miles southwest of Billings, Montana. At the time that 
he forwarded the specimen, Mr. Lewis stated that they were 
known from two localities about three miles apart in the same 
general region and from the same geological horizon. The two 
large specimens secured by-the senior author are from the same 
general area, but it is not certain that the locality (“on the 
farm of Ora Hartley, Sec. 81, T. 28., R. 26E.") is identical 
with those mentioned by Mr. Lewis. In addition to these speci- 
mens, there is in the collections of the American Museum of 


- Natural History another obtained from Mr. A. E. Perry, of 


Winnett, Montana. ‘This was found on the drainage of the 
Musselshell River, near the Cat Creek Anticline, in Montana. 
These, together with the occurrence near Cody, Wyoming, con- 
stitute the present known distribution of these imprints. They 
are, however, so widely separated and so generally numerous at 
these localities as to leave no doubt but that they were formed 
by some distinctive and abundant type of organism. | 

Stratigraphic. All of the imprints occur in sandy members 
of the Upper Cretaceous Mowry shale. This is true of the 
specimens photographed by Dr. Pierce near Cody, Wyoming, 
(see quotation from Reeside letter, above) and of the specimen 
from the Musselshell region secured by Mr. Perry. Concerning 
the stratigraphic horizon-of his find Mr. Perry states that speci- 
mens which he had sent to the United States National Museum 
contained fish plates, concerning which Dr. Resser wrote (to 
Mr. Perry): “The fish plates . . . are known as Leucichthyops 
vagans Cockerell and Holcolepis transversus (Cockerell), typi 
cal species of the Mowry formation of the Colorado Group.” 
Mr. Perry also reported that his fossils occurred “in the extreme 
upper part of the formation” and are overlain by a “shell 
sandstone” [presumably the Frontier sandstone |. 

The specimen originally described was said by Mr. Lewis to 
have come from “a lower member of the ‘Colorado Shale’ at the 
top of a sand formation, possibly the Mowry(?)." The two 
slabs secured by the senior author are from.the same general 


44 


d j _the quarry from which ‘the’ slabs were removed, indicate that, 
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région” A geological map of — by E wad Moul- 


DC ton (1981, "Pl. 1) confirms the Mowry agë of this material;  -- 


e No identifiable fossils have been found in association with any | 
~of the specimens examined, although all of ‘them show numer- 7. 


i ous other,’ -non-identifiable markings, and the matrix : ‘of the 


larger slab secured ¿by the senior author contained fish scales 


Lo f sof a herring-like type. - These, together ‘with a single unidepti- 


fiable fragment of an ammonite found in the same: horizon near’: 


LE 


«the imprints were formed i in'& marine environment. 


“ Owing to the fact that these ‘peculiar imprints may prove- 


2 p value in stratigraphic: studies, inasmuch as they are widely - 


distributed in Montana and ‘Wyoming and seem to. have a 
. restricted geologic range, being ‘at: present know only. from 
` the upper part of the Mowry shale, it has seemed desirable .to 


— givé them a scientific: name for future reference. They are, e 
| 2 therefore, hére désignated as Asterichnités, in allusion to the 


stellate nature of the imprints, with A. octoradiatus as the type 


— and only known — No similar or aeqne forms are , 


“known. a P: ae o 
_ Aeterichites octoradiatus, n. gen: nd n. Spe 
s EP , Plates 1s 2, 8. - 
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i DESCRIPTION OF THE SPECIMENS. 


i. Spécimens from near Billings, Montana: E S 


n He A. Original Specimen: ee American Museum, No. 


e , 20384. ; (P12; fig. 1) > — 
. This specimen RIEN " & id block containing: one com-, 


- 


"ee imprint and a portion of a second. one at its edge: The * » 


complete imprint consists of. eight sharp grooves radiating from 
a central unmarked area: “The total diameter of the speci- 
. men is ,64 mm., the grooves being each 16 mm. long, 2 to 3 


c Umm. wide, and 3 to 4mm. deep. They are sharp ‘and clearcut 
“+ . and seem to have been made by some relatively hard arid pointed . 


a lead similar to a claw. At the inner end of each.of the.’ 
grooves is a little ipile of matrix which is. undoubtedly com- * 
pose of the material scooped up. during the formation of the 
groove and indicates that the gróoves were formed by the con- 
traction toward, the center of the eight radiating parts of 

"n "whatever structure formed them. -.The fact that the material. 
removed. from the grooves remains little: prose piles geems 


fa^ y 


1 
* 


, * 
* . Li * ^ boa 
i - F ` . 2^ cs > 4 * 1 i. ed 
; E : a : 


1 
‘a 1 
a , . ` , e.t y 5 


* 
ES 


C b 


m 


Fossil Imprints of Unknown Origin. — — 659 


to indicate that the central part of the object was raised.above 
and not in immediate contact with the sea floor at the time 
that the movement resulting in the formation of the grooves 
was completed. 
. The matrix of the specimen 18 a fine-grained, light gray 
“Mandstone or “siltstone” in a stratum about three inches thick. 
The stratum is finely to coarsely laminated, the laminae show- 
ing marked evidence of cross-bedding and current action. 

B. American Museum paratype No. 25888: (Pl. 1, fig. 1). 

This specimen represents the larger of the two slabs secured 
by the senior author. It is 74 inches long and 21 inches wide 
and bears on its surface 13 of the stellate imprints. Of these, 
a series of eight seems to have been made by one individual, while 
three others seem to be part of another series made by a second 
individual. Al of these imprints are identical in their general 
characteristics with those of the original specimen. They vary 
in size, the small group of three imprints having a greatest 
diameter of 75 mm. with the central area being 35 mm. wide. 
They are the largest that have been observed. The series of 
eight imprints vary in diameter from 59.6 mm. to 66.8 mm., 
four of them being 66 mm. across. "The distance between the 
various markings also varies within wide limits. The shortest 
distance from the center of one imprint to the center of the 
next adjoining one in the series is approximately 90 mm., 

'' while the greatest distance 18 approximately 195 mm. Begin- 
ning at the upper end of this series as shown in Plate 1, fig. 1, 
the following are'the distances (in millimeters) between the’ 
centers of the adjoining imprints: 90, 115, 145, 163, 175, 184, 
and 195. 

On this specimen the small piles of sand at the inner ends of 
the grooves are not as well preserved as they are on the original 
specimen, but their presence is clearly indicated on some of 
the imprints, notably on the first of the above series ‘of eight 

and on the outermost of the series of three. Their poor 
development on the other markings seems to be due only to 
accident of preservation. | 

One noteworthy feature observed in these two series of mark- 
ings is that the lateral grooves,in each series are not strictly 
symmetrical in their shape. In general one side of the groove 
is much more acutely incised than the other, in some cases it 
even somewhat overhangs the bottom of the groove itself. In 
such examples the opposite side of the groove is always more 
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gently Miei with relatiori to the surface of the slab ius it 
- is when the two sides of the groove have: "an approximately ide 
angular relations to the surface. 


The matrix of this specimen is a dark gray to black, fine- 


grained, hard “siltstone.” The rock is finely laminated show- | . 
ing extensive cross-hedding on-a siall scale. There are à num" 


ber of thin, discontinuous lenses of light gray, coarser sandstone 


` irregularly distributed throughout. ‘The’ surface of the speci- ' 


men which is, weathered to a grayish-brown color is: somewhat , 
irregular with inconspicuous, low ridges. These suggest rip-: 
ple-marks, but. are too poorly: developed to furnish evidence as — 
to the manner of their origin, though they do add corroborative . . 
evidence to the physical factors observable in the rock itself - 


suggesting shallow water deposition. 


C. American Museum paratype No. 25382. (PL 1, fig. 2) 
This, the second. specimen secured by the senior author, is 
58 inches long and 16 inches wide. It, toó, shows 18 stellate 


‘Imprints upon its surface. Of tliese there is one series of eight 


imprints which seems to have been made by one individual, while 
the remaining five seem. to represent a portion, at least, of 
another series made by a second example. o 

The imprints, in- the first series are identical with those 


| described above, the average diameter of the imprint being 66 


mm., while the central area.is approximately 25 mm. across. 


The distánce between the centers of adjoining imprints, how- 


ever, varies much more widely than do those on specimen 


' 25388; beginning at the left of this series, as shown on Plate: 
1, fig. 2, the approximate distance - (in millimeters) . between 


the centers of adjoining imprints is as follows: 80, 168, 170, 


| b 128, 225, 200, 265. As with the imprints. of the series shown 


. 


on the specimen described above; the lateral grooves of the 
present series are also not strictly symmetrical in shape, being 


` in general more sharply incised on. one side than on the other. 


The imprints of the second series on this slab differ markedly 


from those which have been described above in that the eight 
radial markings are, for the. most part, not simple, .incised 


grooves, but consist rather of relatively broad, shallow areas 
bordered by subparallel, incised lines. . This is particularly true 
of those which are lateral with respect to the trend of the 
series as a whole. In general, the incised marginal. lines are ' 
slightly farther apart near the outer edge of the specimen and. 


. become almost parallel Mong the i inner ME of their SIUE S In 


* 
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the uppermost of.the five imprints of this series, however, they 
tend to approach each other throughout their entire length, 
forming elongate, narrow “V” shaped marks. 

It seems to be significant that these markings are not as 


«deeply incised as those which form distinct grooves. In this 


connection the second imprint (from the bottom) of this series 
is of particular interest in that the lateral markings on the left 
side are similar to those noted immediately above, while those 
on the right are more deeply incised and tend to form typical 
grooves as do also the markings which are parallel with the 
trend of the series as a whole. ‘This seems to offer some sug- 
gestions as to the nature of the structures which are responsible 
for the imprints and will be discussed in detail below. 

The matrix of this slab is similar in every detail with that of 
specimen No. 25383, except that its upper surface is of a darker 
brown color and is somewhat more irregular, so that the ripple- 
like waves are not readily observed. 

2. Specimens from near Cody, Wyoming: (Pl. 2, fig. 2; pl. 3, 
figs. 1, 2). .— | 

The folowing notes are based upon the three photographs 
made by Dr. Pierce of the Geological Survey of specimens found 
in sandstone beds in the Mowry shale at a “point several miles 
northeast of Cody, Wyoming.” One of the photographs shows 
a large slab on which may be seen twelve of the imprints (Pl. 2, 
fig. 2). Nine seem to be wholly identical with that originally 
described, although they are somewhat more deeply impressed 
and, due to weathering, less sharply defined. Near the bottom 
of the slab, however, there are three grooves which merit special 
notice. Here the radii are plumosely marked by short, lateral 
grooves curved inward toward the central disk. The number 
of these lateral grooves varies, even on opposite sides of the 
same radial groove, but there are never more than seven on any 
one side. The imprints with these plumose, lateral markings : 
seem to be of the same relative size as are the other more charac- 
teristic ones on the same elab. 

The other two photographs are on a somewhat larger scale. 
Each show all or part of four imprints, three of which on each 
block are of the normal type while the fourth shows some devel- 
opment of the plumose lateral grooving. One of the latter 
(Pl. 3, fig.1), consisting of one-half an imprint preserved on the 
edge of a slab, is of particular interest in that it combines the 
two types of anomalies noted above. One portion of the print 


f 
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e A ‘consists of sub-parallel, incid lines similar to those-ó ‘on AMNH 
ae 20882. while. the sd jecent radii show the  phinose "lateral 


ae n Lab Ww Ag — SUMMARY OF OBSERVATIONS. es 

Od d i 
ce es imprints, together with: & study of photographs showing 20- 
NA others, the following observations may be recorded... . , U, 
| — fa e “Y The normal imprint consists of eight grooves, appearing 


as radii around'a central disc which is always unmarked except: 


to "terminus of the grooves, These piles are composed: of' the 
E : material scraped up during the. formation of the grooves. | . 
rr $ 2: 2. The grooves radiating from each disc are variable i in all. 
" ! *.,'dimensions. The length of: those: of the original specimen, 
S TAL ' Which is fully typical in this respect, is as follows (in sequence) : 
(s17 077 TY, 16:5; 16.7, 17.8, 18.4, 15.2, 17.5, -17.6 mm. They, also . 
— vary in width and in depth: : It is also’ noteworthy that i in the. 
T . two series of eight imprints preserved on, the large slabs, each : 
^. 0 of which was ‘apparently’ made by a single individual, the same - 
— variations are to be noted not only i in the relative sizes of the' 
„radii. of each. imprint, but, also in. the sizes of the iia 
7 *.grooves in each' of the'imprints of the series. `` | 
eS: Although the “eight: grooves' of each imprint Tadinte oüt j 
ts fro the central dise they:are not strictly radial in position: ` 
P This is well shown if the axes of the radi are pro jected across 


+ 


| ; o grooves ‘do not in all. cases’ coincide, nor do they actually. meet - 
+ “in the center of the disc. - In.a nuinber of the examples six of, ^ 
A d ' the eight ` grooves are opposite, while two are offset; the. off-, | 
~ oes always ‘being in such a manner that the axes are parallel - 
E . to each other, never so that the two axes intersect... Tt is also’ 
LP ‘to be noted that where this condition: obtains, the two parallé _ 


NET As a result of the laboratory examination of 28. individual” 


«7. for. the presence of small piles of sandy: matrix ‘at. the-inner . 


+ 
1 i 


* * 
C markings. l $ t J 
E : 
LI 


, the centrál disc. Then it will, be seen that the axes of : opposite zi 


oe y .. axes. are those most nearly: parallel to the direction’ of progres: T 


— “sion indicated ‘by the trend of the series of imprints. — 

n “4, This direction of progression öf the object making , the 
Be imprints is also indicated by the fact that the’ grooves of each ` 
pe o - Imprint lateral to the trend of the series'as a whole are not- 

c1 always symmetrical in ‘sectioh, being. more acutely incised ‘on ' 
i, One side than on the other.. In some” cases one sidé of thé 
Hes . groove may even overhang the bottom of the groove itself, «while 2 
TEN s ; the opposite side may show a very gentle inward slope. - q this : 
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be interpreted as indicating the axis of the. direction. from J 
which the pressure was applied to the structure forming the': 
groove, and if it may be supposed that the pressure was applied . 
as a part of a “hopping” movement by the animal responsible 
„for the grooves, then the direction of the movement is clearly 
Mdicated. ^ : | : 

5. If the above sumus as to dissection of progression 
are valid the early imprints (in the two large series) are spaced 
'more closely together than are the later ones, almost. sug- 
. gesting an increasing speed of progression before the “take-off.” 

6. Certain imprints which are not as deeply incised as most 
show relatively broad, shallow areas bordered by sub-parallel 
incised lines instead of the typical grooves. In all cases these 
tend to be most widely spaced at their’ extremities and to 
approach one another as they near the central disc. 

7. A number of the radii, generally also not as deeply incised 
as the most typical types, also exhibit a series of plumosely 
. arranged lateral lines which curve inward toward the central 
“disc. i 


, CONCLUSIONS AS TO NATURE OF ORGANISM FORMING THE 
r . 
' IMPRINTS. 


The examination of these imprints permits certain conclusions 
as to the nature of the organism which produced them. The 
most obvious feature is that it must have possessed eight pro- 
jections which are essentially radial in position. . That these 
projections were relatively flexible is suggested by the vari- 
ability in the length of the grooves, especially since the anal- 
ogous grooves in the series ‘of imprints may vary in their length. 
Furthermore; the fact that they. are incised im the matrix and 
- that there is a small pile of material at their inner terminus 
clearly shows that they were capable of. being stiffened and con- 
troled by musculer action and did not simply rest flacidly on 
- the surface of the sediment. 

The indications of a definite direction of progression, together 
with the fact that the radii are not all directly opposite one 
another, since those lying in the direction of progression may 
be slightly offset from a true radial position, strongly suggest 
that the animal concerned had some form of bilateral symmetry, 
and it is probable that the apparent radial symmetry was a 
feature of the structures making the. prints rather than of the 
entire organism. | 
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The presence of the subparallel, incised lines, rather than 
grooves in some of the imprints and of the plumose lateral lines 
in these and other prints which are but lightly incised, suggests 
that the structures forming the grooves were either branching 


ones or were somewhat elongated, ribbon-like structures possess-, 


ing relatively stiff projections along the sides and perhaps with 


a pair at their tips. It would seem possible that these projec-. 


tions could remain separated when the structure was in but light 
contact with the bottom but would be drawn together and serve 


E . to form but a single groove when the resistance of the bottom . 
' '* material was such as to require fairly strong muscular con- 


tractions, such as that evidenced in the deeply incised radii. 
This suggests that the animal was not'a strictly bottom- 
dwelling form, but rather one whose contact with the bottom 
was capable of variation. This is more strongly indicated -by 
the fact that the imprints tend to occur in series which begin 
and end abruptly and without continuation. Two suggestions 
have been made to explain this feature; either that the animal 


' was a free-swimming form which approached the bottom for 


feeding or other purposes, or that it was a floating form which 


“bumped” along the bottom in the trough of a wave but was 


lifted clear by the crest. 
‘Objections to this latter suggestion seem clearly obvious. 


The imprints are too clearly cut to'have been made by any 


dragging object, and there is never any simple “drag mark” 
such as would result from unusually deep wave troughs. Fur- 


thermore, the imprints would be expected to be more closely ' 


together at the lowest part of the trough rather than at the 
initial part of the series which would be formed as the animal 
first slid off the crest of the wave. 

In summary, the evidence which can be adduced from the 


' imprints requiré that they have been formed by a free-swimming 


animal which probably was of a bilaterally symmetrical type, 
but which had a (secondarily?) radial symmetry of that struc- 
ture that actually made the impressions. This structure 
must have been flexible and elongated, but subject to muscular 


- control, and probably was armed with relatively' stiff projec- 


tions along its sides. 
These conclusions as to the probable nature of the animal 
which formed these imprints eliminate a number of types from 


consideration and focuses attention on the cephalopods, since | 
they are free-swimming, bilaterally symmetrical animals pos- 


AM. JOUR. OF SCIENCE, VOL. 212 





PLATE 1. 
Asterichnites octoradiatus, new genus, new species, 
(Fig. 1) Am. Mus. Nat. Hist. Cat. No. 25383, (paratype). The slab is 74 
inches long and 21 inches wide. Southwest of Billings, Montana. 
(Fig. 2) Am. Mus, Nat. Hist. Cat. No. 25382, (paratype). The slab is 53 
inches long and 16 inches wide. Southwest of Billings, Montana. 


BARNUM BROWN AND 
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PLATE 2. 
Asterichnites octoradiatus, new genus, new species, 
(Fig. 1) Am. Mus. Nat. Hist. Cat. No. 25384, (holotype, natural size). 
Found about 15 miles southwest of Billings, Montana. 
(Fig. 2) Field photograph of specimens found northeast of Cody, Wyoming 
by Dr. W. G. Pierce, U. S. Geological Survey. (Note the plumose 
markings shown in the lower right of the specimen.) 


AM. JOUR. OF SCIENCE, VOL. 242 BARNUM BROWN AND 
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PLATE 3. 
Asterichnites octoradiatus, new genus, new species. 
(Figs. 1, 2) Field photographs of specimens found northeast of Cody, 
Wyoming by Dr. W. G. Pierce, U. S. Geological Survey. 
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PLATE 4. 


Plesioteuthis prisca (Rúppel). 

View (X.75) of the anterior end of a specimen from Eichstadt, Bavaria, 
(Jurassic) showing preserved imprint of tentacular ring. Compare 
with specimens of Asterichnites octoradiatus. Am. Mus. Nat. Hist. 
Cat. No. 15471/1. 
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sessing a radially arranged ring of tentacles about the mouth. 
Investigations in this group furnished evidence: which strongly 
suggests that the imprints could have been formed by a squid- : 
like type. These dibranchiate cephalopods possess ten tentacles, 

«but two are often highly modified for sexual purposes. Fur- 
thermore, the suckers on the tentacles are also often modified 
to form chitinous hooks, a feature which would give them suf- 
ficient strength to scrape out the sediments during the forma- 
tion of the grooves. 

This modification of the suckers may actually have been the 
primitive condition of the tentacles of these animals. At least it 
was present in the Triassic, as is shown in specimens figured by 

 Naef (1922), and apparently was widely developed among the 
belemnites (Crick, 1907). This latter group in the Liassic at 
least had apparently only six uncinated arms. These facts, 
together with the discovery among the collections in the Amer- 
ican Museum of Natural History of a specimen of a squid from 
the hthographic stone at Eichstatty Bavaria, labelled as Plesio- 
teuthis prisca (Riippel) (see Pl. 4) in which there is a clear 
imprint of eight tentacles lying in exactly the same relative posi- 
tion as are the radii of the imprints, and also, though coinci- 
dentally, of almost the same size as would be required of those 
which formed the fossil markings, strongly suggest a di- 
branchiate cephalopod origin for the imprints. ' 

There stil remains the question as to whether or not the 
cephalopod would be inclined to approach the bottom at an 
almost vertical angle when feeding. An examination of the 
literature relative to modern cephalopods:led to the discovery 
of the observations of Drew (1911) on Loligo pealit (Les.). 
In this work Drew presents a most timely illustration (see text 
fig. 1) showing the female squid “in the position she assumes as 
she bounces over the bottom on the tips of her arms just pre- 
vious to selecting. & place for sticking the egg string.’ In 
describing this activity, Drew says: “Toward the end of the 
period during which the string of eggs is held, the animal shows 
an increasing tendency to turn the body into a nearly perpen- 
dicular position to bring and keep the tips of the arms in con- 
tact with the bottom .... With the arms held quite rigid and 
the tail fin moving rapidly she gocs bounding along on the tips 


As, Jour. Scr— Vor. 242, No. 12, DECEMBER, 1944. 
4T 


— 


, 
Laud * * 
hj ^ 1 


666 ` Barnum Brown and H. E. Vokes. 


of her arms, dorsal side foremost, with a movement somewhat 
similar to the bounces that may be.obtained by pushing a lead 
pencil, held at one extremity and slightly inclined from the 
perpendicular, over a table. This action is generally repeated 
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Text Fig. 1.. Lolligo pealii (Les.). ‘After Drew (1911) showing the 
‘female squid “as she bounces over the bottom on‘ the tips of her tentacles.” 


several times.” The position of these animals is identical with 
that of the one that formed the imprints would have had to 
' assume at the time that they were formed, and the fact that the 
modern animals do assume this position seems highly corrob- 
orative of the deductións based upon the evidence afforded by 


- 


r 


the prints themselves. However it — be considered as. 


being conclusive evidence, since the modern squids progress 
through jet propulsion from the siphon, and there is no evidence 
that the “bouncing” on the tentacles, noted by Drew may not be 


more apparent than real, and that the actual “bounce” may not 


be a result of water expelled from the siphon rather than from 
the contraction of the tentacles. On the other hand it is not 
certain that tentacular contraction may not enter into the pic- 
' ture during the abnormal activity observed during the egg- 
depositing period, nor is it certain that it may not have been 
a factor in the movement of the particular type which formed 
_ the fossil imprints. 

It must be admitted, however, that while the evidence favor- 
ing a dibranchiate cephalopod origin for these imprints is highly 
suggestive and quite plausible, it is not conclusive. 

The problem as to the preservation of these imprints is of 
considerable interest. ‘The evidence afforded by the depth of 
the grooves, the delicacy of the plumose markings and the 
nature of the little piles of sediment at the inner ends of the 
grooves, strongly suggests that matrix in which they are pre- 
served was relatively soft and unlithified at the time when the 
imprints were formed. In view of all of the various lines of 
evidence suggesting a shallow-water environment of deposition, 
it is necessary to believe that the imprints were subject to 
almost immediate burial, in order not to have been destroyed by 
the action of waves or currents. 

In taking up the two large slabs described above, the senior 
author noted that the “track layer” was overlain by a deposit 
of soft, unctuous, greenish-gray clay which was but a few 
inches thick. Samples of this clay and of the matrix in which 
the imprints are found were submitted to Dr. Wilbur G. Valen- 
tine of the Department of Geology, Brooklyn College, for 
examination. The writers are greatly indebted to Dr. Valentine 
for permission to publish his report on this material. His 
conclusions as to the volcanic. content of these sediments serve 
not only to confirm the Mowry age of this material, but also 
afford an explanation as to-the methods by whieh these Tips 
were rapidly buried and preserved. 
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A ee REPORT ON SAMPLE OF CLAY: AND IMMEDIATELY UNDER: 
"gon MP" ! ^ QLYING'ROCK. ^5 | | 
| bs . B > + — By E 


T. NE. This report is based. upon samples on ‘material supplied Af 
“oo 0 25 Dr. Barnum Brown of the American Museum of Natural His- 


puo. fub tory: One is a sample ol unctuous clay; the other, & piece of 
— t d the rock immediately. beneath the clay. (| 


r 


PE, 3 SAMIN OF CLAY. : T 
DIM MENO | INTRODUCTION. | > 2 
cher ah ae C kinds of tests were made on the sample of clay: - - 

edo. 75. le A dry sample was allowed to stand in water. - | 
SUVS oh. ^ 2. A/sample was sent to Prof. Paul F. Kerr of the Depart- 
EE ment of Geology and Mineralogy at Columbia University for; - 

| , &n X-ray diffraction determination of the crystal structure. 
acum us 8. Several thin shavings’ were mounted on glass slides to | 
epe study microscopically the character and refractive: index of the + 
+ constituents. E ce E 
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Beas E ! SAMPLE SOAKED IN WATER. 


— This sample swelled and cracked. The amount of swelling Ms 
a‘ 5,, wag not as great as. would be expected if the, material were a. 
^" 7... . high-grade bentonite. The swelling that did occur leads to the | ' 
E . conclusion that the material contains an.appreciable amount of 
dus / the mineral, presumably montmorillonite, that is responsible for ' 
svi, ro 4+" the swelling of bentonite. | / 


s + 
4 ' ' =i ? A 
LS 


S A X-RAY ANALYSIS. EE E 
TUN Prof. Paul F. Kerr was kind enough to make the following 

a T report: = 

E “Ag nearly as we can tell from an ordinary. inolybdenum 
o X-ray diffraction pattern, the clay material that you sub- 
ME mitted some time ago is a mixture of kaolinite and quartz. 
507. 50 Without chemical data it would. be impossible to say whether ' 
N77. 5 jt ig actually kaloinite pr.&nauxite.. I think it is reasonably 


o7 . o. Bafe however, ks assume that it belongs to the’ kaolinite 
po te anauxite series". 


PON OM 1 Pérsonal communication dated May 26, 1942. ' z NE^ 
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This P T does not süpport the assumption that the. 


y : material contains a dominant amount of montmorillonite or 


related minerals, which are the common products of the devitri- 
fication and weathering of volcanic ash. It advances the con- 


Mept that the dominant material is kaolinite or anauxite, usually 


formed by the weathering of feldspar or other aluminous sili- 
cates. If this is true, it would be more logical, to explain it as 


, & transported sey rather than the result of alteration of vol- 


1 


canic ash. | kr MAS y | o a 


A 
ROBORE EXAMINATION. 


" Method. This material was not suited to thin-section mak- 
ing, so the microscopic examination was carried out in a differ- 
ent mannér. A slightly damp piece of the clay was sliced with 
a razor-blade, producing thin shavings. These were placed on 
glass slides, covered with other glass slides, and surrounded by 


different liquids of known refractive indices. In this manner, 


~~ 


' | fringence, but at'least half of it shows yellow interference colors | 


the refractive indices of the constituents could’ be determined, : 


and the character of the material could be observed. The shav- 
ings were not of uniform thickness, but the edges were fom 


' enough to study. ' 


General character: The: greater part of the material is an 
exceedingly fine flaky (?) aggregate. Some of it has low bire- 


even near the edges of the shavings. In such places, the thick- 
ness of the material is probably comparable to that ofa thin 
section,’ From this birefringence, I conclude that this moder- 
ately birefringent portion at least is not E but a mineral 
of the montmorillonite group. 

Scattered through the fine matrix are many, TP of differ- 


ent appearance and composition. These are small (about 0.1 


mm. diam.) and often quite angular. Many of them are green- 
ish brown in color, and appear to be iron- stained serpentine. 
Occasionally one finds a larger fragment of feldspar or quartz, 


-also quite angular: ' The feldspar appears,to be unaltered. 


' The refractive index of most abundant constituent of the fine- 


grained matrix is close to 1.500. When immersed in a liquid 
having. this index, the Becke line is hardly discernible. is 
refractive indices of some of the clay minerals are: ' 


l 


Kaolinite—-1 561 to 1.567 
\ . " Anauxite—about the same as kaolinite 
^ Montmorillonite—1.500 to 1.520 . ` 
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- This part of the study &eems to indicate that the bulk of the . 
clay material belongs to the montmorillonite group rather than 
the kaolinite group. 

In this matrix are also many minute grains with distinctly 
higher indices. These, I judge, comprise about one-quarter of.» 
the material. They may be grains of another clay mineral, br 
of quartz. The former is more probable, as their outlines can- 
` not easily be seen when the surface is in sharp focus. 


r 


, CONCLUSIONS ABOUT THE CLAY. 


The results of the physical tests and the microscopic exam- 
ination seem to be in opposition to the results of the X-ray 
diffraction study insofar as the identity of the principal clay 
mineral is concerned.. I conclude' that both kaolinite (or 
anauxite) and a member of the montmorlllonite “group is 
present. Although glass shard structures are not clearly 
demonstrable in the material, I conclude that a large portion 
of this material was fine volcanic ash of variable composition. 
The name bentonite or impure bentonrtic clay best describes the 
materia]. 


ROCK IMMEDIATELY BELOW CLAY. 
INTRODUCTION. 


A standard thin section of the rock which immediately under- 
lies the clay was studied under the petrographic microscope. 
The purpose of this study was the determination of the charac- 
ter of the rock and the conditions under which it was deposited. 
It was' hoped that this study would determine whether volcanic 
products were being formed immediately preceding the forma- 
tion of the clay. If this were true, the conclusion that the clay 
is partly or wholly of volcanic origin would be supported. - 


DESCRIPTION. 


This rock is a fine silt showing prominent lamination. In 
the coarser textured layers, most of the grains are less than 0.1 
Inm. diam., with a few larger grains (some up to 0.5 mm. diam.). 
The dd layers are finer textured in general, and contain 
prominent amounts of mica. All grains are highly angular. 

The mineral grains are principally quartz and feldspar, the 
latter usually unaltered microcline or sodic plagioclase. There 
are many angular fragments of volcanic glass. Most of these - 

/ 
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are light colored and probably represent an acid type such as 
‘pumice or rhyolite. Others are dark and probably represent 
andesitic or basaltic fragments. In some layers these glass 
fragments are more abundant than other constituents. In 
«n addition to these constituents are occasional bituminous grains, 
e few of tourmaline, and some other accessories which were riot 
identified. 
The rock seems fresh and unmineralized. There is some ser- 
pentine developed from the basic rock fragments. In one place, 
a minute quartz veinlet was found. 


INTERPRETATION. , 


There is no question that this rock is a fine clastic sediment 
‘deposited in water. The conditions of sedimentation were 
changing periodically as attested by the laminae or thin beds 
of different texture. These variations were probably due to 
changes in physical conditions, such as: depth of water; direc- 
tion and strength of currents; character and amount of mate- 
rial.supplied. Only the last of these conditions is of interest 
in the present study. 

The thin section of this rock was compared with one of “vol- 
canic ash shale” from Florissant, Colorado. This latter rock 
is generally accepted as having been derived in part from vol- 
_canic ash. ‘The rock from Montana differs from the Florissant, 
Colorado, rock in the following details: 


1. It is more firmly cemented. 

2. It is finer in texture. 

:9. The laminae do not have as great textural variation. 

4. It contains a greater quantity of sharply angular vol- 
canic glass shards, (the Florissant rock contains more frag- 
ments of rhyolite which are larger and more rounded by water 
action). 

In all other respects the elie are similar. It follows that the 
rock from Montana might also be called a ‘volcanic ash shale.” 

The question arises as to whether the volcanic ash material 
found in this rock was derived directly from the atmosphere at 
the point of deposition, or whether it was carried by streams 
from distant sources. It would seem that the occasional large 

- volcanic glass fragments in a much finer aggregate were prob- 
ably derived directly from the atmosphere. It would seem 
likely also that the sharply angular glass shards were not trans- 
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— great distances by water. It is possible that a large 


.' proportion ‘of the volcanic glass fragments and the attendant _ 


quartz and feldspar grains (which also might be direct products 
of volcanic action) were deposited in the immediate vicinity and 
were merelf reworked by waves and currents, or washed froni 
nearby , land surfaces. * 
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A NEW IDEA ON CONTINENTAL DRIFT. 
J. R. CHELIKOWSKY. | 


ABSTRACT. The asymmetric arrangement of the earth’s surface is a 


a, reflection of asymmetry at depth. The Pacific Basin is considered to be a 


primary basin, and the Pacific gector of the shell immediately above «the 
'e&rth's core is considered to be denser than other sectors. Hence it is sub- 
siding and exerting pressure on the core which is assumed to act like a liquid. 
The pressure on the'core is relieved by a bulging-out action in a direction of 
easy relief. This explains the ellipticity of the earth’s equatorial sec- 
tion. The combined bulging out and subsidence will displace or stretch the 
sialic crust away from the area of bulge toward the collapsing floor of the 
Pacific. The earth as a whole is considered to be in isostatic balance at 
all times—equal moments of momentum. 


INTRODUCTION. 


NE of the greatest stumbling blocks to the acceptance of 

the Continental Drift hypothesis has been the lack of an 
adequate explanation for the cause of drift. Wegener postu- 
lated the drift idea primarily as an explanation for the configur- 
ation and distiwbution of continents and ocean basins. He was 
not vitally concerned with its cause, and frankly admitted that 
the cause “is still too much in a state of flux to permit of a com- 
plete answer in every detail! The drift concept was merely 


a working hypothesis for the explanation of certain effects. 


Hence most of the criticism against the idea has really not 
been directed at drift at all, but at Wegener’s explanation of 
mountains, climatic changes, and the distribution of fauna and 
flora on the basis of continental drift. It seems that too much 


emphasis has been placed on the effects, and too little on the ' 


cause. If it can be proved that there are no forces acting on 
the earth or within the earth capable of shifting continents, 
then drift is impossible, but if an adequate force can be found, 
then drift must always be accepted as a possibility. 

The idea of drift was probably born with Suess” explanation 
of the Himalaya arcs. He postulated a southward creep of 
northern Asia against the hinterland of the Indian Shield to 
form the mountains. ‘This idea was later expanded by F. B. 
Taylor® into a rather extensive migration of all land masses 

! Wegener, A.: 1922. Die Entstehung der Kontinente und Ozeane, 


Braunschweig. Translated by J. Skerl, London, 1924, p. 205. 

2 Suess, E.: 1897-1918. La Face de la Terre, Paris. Translated by E. 
de Margerie. : 

* Taylor, F. B.: 1910. Bearing of the Tertiary Mountain Belt on the 
Origin of the Earth's Plan, Bull, G.S.A., Vol. 21. 
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toward the equator and the Pacific.  Wegener's' idéa on con- 
tinental drift followed. Three possible forces were suggested 
by him:*—(1) the equatorward force on floating bodies dis- 


covered by Eötvös; (2) The westward tidal force worked out by 
‘Schwartz and others; and (8) a downhill gravitational force e 


away from Helmert's 1915 major equatorial axis located «t 
17? W Longitude. In 1926 Daly published his Mobile Earth 


in which he brings to light his sliding idea. It was: Wegener's, 
suggestion of movement away from the earth's major axis and 


Daly's Pacific sliding, together «with his explanation for the 
asymmetry of the earth's face, that helped to CE the 
idea set forth in this paper. 


SIZE, SHAPE, AND DISTRIBUTION OF THE LARGE ELEMENTS. 


The distribution of land and sea with its antipodal relations 
has always been fascinating and subject to much speculation. 
From the standpoint of isostasy, the Pacific sector is a basin 
because it is composed of denser material than the antipodal 


land sector, and it should, therefore, stand at a lower level. 
- "The perplexing question, then, is not a matter of why the basin 


is there, but a question of whether the sector is still actively 
subsiding or not. If it is still subsiding, what would be the 


_ effect on the earth’s core and on the continental masses?  Per- 


haps the most vital question of all is why should the Pacific sec- 
tor be denser in the first place. These questions demand a 
thorough investigation of the earth’s interior, a seemingly 
impossible task since first hand information is unobtainable. If. 
we assume, however, that the major elements of the earth's sur- 


. face reflect internal conditions, ' a toehold into the problem 


may be established, especially if we temper our deductions with 


seismological and magnetic information. 


Data on the earth, its size, shape, and the distribution of 
surface features are given below along with the approximate 
location of the magnetic poles. It is believed that these are the 
factors that must be woven into a working hypothesis to answer 
the foregoing questions. 


Diameters AND Rani.: ^ 
Average radius of the earth — 8958 miles. 


* Wegener, A.: op. cit., pp. 194-205. 
"Daly, R. A.: 1926. Our Mobile Earth, Scribners, New York, pp. 


S Daly, R. A.: 1940. Strength and Structure of the Earth, Prentice | 
Hall, New York, pp. 17-22. (Kms. converted to miles); p. 82 (equatorial 
diameters). 
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Polar radius of the earth = 8950 miles. 

Average equatorial radius of the earth — 8968.8 miles. 

y Difference (equatorial-polar radii) =18.8 miles. 

Major equatorial diameter located in plane of 25° W-155° E. 

Minor equatorial diameter located in plane of 115° W-65° E. 

~ Difference (major-minor equatorial diameters) —.44 miles. ” 

” Average diameter of core — 4812.8 miles.  ' 

Average depth to core= 1802 miles (2900 km). 

VorvaES. f l ' 
Earth = 259,727X 10% cubic miles. ` x 
Core = 42,898 X 10% cubic miles. 

Ratio of core to earth = 1/6.12. 


Masses. 
y Earth! =6500X 101% tons (5.9 107" gms.). 
4 18 
/ Core = 2146X 1015 tons (assuming a density of 11). 
Ratio of core to earth = 1/8.08. 


Densities.® 
Surface average 2.67 (Granitic shell 9.8 miles thick = 2.7). 
At 26 miles (42 Kilometers) = 8.82. 
At 298 (—) miles (481) Kilometers = 8.69. 
At 298 (++) miles (481 Kilometers) = 4.28. 
At 1810 (—) miles (2920 Kilometers) = 5.56. 
At 1810 (+) miles (2920 Kilometers) = 9.69. | 
At 8950 miles (6871 Kilometers) —12.17: 
i Average for the core = 10.98. 


AREAS.? 

25 Tota] area of the earth — 196,910,400 sq. miles. 
Total water area= 141,055,400 sq. miles. 
Total land area = 55,885,000 sq. miles, 
Total area of the core — 58,420,286 sq. miles, 
Area of the Atlantic= 81,529,000 sq. miles (1/6 of earth total). 
Area of the Pacific — 68,985,000 sq. miles (1/8 of earth total). 
Area of the Indian = 28,857,000 sq. miles (1/7 of éarth total). 
Total land area east of African west coast= 88,000,000 sq. miles. 
Total land area west of African west coast= 18,000,000 sq. miles. 
Total land area east of Pacific bisectrix = 28,000,000 sq. miles. 
Total land area west of Pacific bisectrix = 28,000,000 sq. miles. 


7 Daly, R. A.: Strength and Structure of the Earth, p. 17. 
= * Daly, R. A.: Strength and Structure of the Earth, p. 23. 


Re ® Goode, J. P.: 1989, School Atlas, Rand McNally & Co, N New York, 
pp. 174-175. 
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y d Reuer. 10 ; 
. uta Average. elevation Dnes level=2500 feet. 7. 
. `.. 5: Average elevation below sea.level— 14,200 feet. ` E 
E d Most frequent positive elevation — 1500 feet. i 
0048/75... Most frequent negative elevation — 15,000, feet. 
~  ' Average depth of Atlantic is less than Pacific. 
`> ^ Maximum relief of mid-Atlantic rigen 18, pee to 20,000 feet. 


“Location OF Manene Porxrs. 


Rp e y North magnetic pole located at, 70° 10° N— 96° W. 
copos o South magnetic polé located. it 72° BO’ S= 155° E. 


1 ta 


END o. d 3 - Ws ' ` i TEE | i 
NE ANALYSIS OF THE DATA. 
— It will be noted from a. study of Fig. 1 that the Pacific bisec- 
l “trix is essentially at right angles to the plane containing the 
yon magnetic poles, and that the plane of the poles lies wholly 
within the Pacific hemisphere. It will be observed also from the 


., » V ; equals the total land area to the west. The earth is highly 
DC M, “asymmetrical with respect to a plane at.right angles to the Paci- 
Ñ ‘fic bisectrix, but essentially symmetrical with respect to the 
. plane of the bisectrix. (The bisectrix does not pass half way 


data &bove that the total land. area ‘east, of the Pacific bisectrix ` 


E [s between the projection of the magnetic poles because the south | 


magnetic pole is at a higher latitude than the north magnetic 
: ` pole.) What is the significance of this unsymmetrical land, 
4 : 868, and magnetic distribution? Is it purely coincidence that 
ihe magnetic poles should be on the dense, Pacific side of the 
hs Wad ub. earth, and that the magnetic axis should is essentially at right 
^ ,: angles to the Pacific bisectrix? 
eo. It is the writers opinion that ‘as- the arrangement’ of the 
land and sea indicates an asymmetry of the earth’s surface, so 


",t rior. A number of years ago Bauer” called attention to the 


‘the magnetic poles indicate an led of the earth's inte- 


t 


fact that 94 per cent of tbe earth's magnetism i is due. to internal: 


"a c. s «conditions, and that only six per cent is due to external factors. 


"o. `- M the earth’s magnetism is:mainly self-induced because of the 


earth’s rotation, one would expert coincidence of the magnetic: 


rr P 10Nevín, C. M.: 1942. Structural Geology, John Wiley and dios New 


LP E York, pp. 262-265. 
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275. 40 0 Goode, J. P.: School Atlas, p.-46.. 1  - T 
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' © . 1 32 Bauer, L. A.: 1922. Chief Results of a Preliminary Analysis of the 


.' t. Earths Magnetic Field; 1928. Terrestrial "Magnetism and Atmospheric 
1 "Electricity, Vol. 28. 
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poles with the geographic poles, or allowing for a polar wobble, 

= one would at least expect the magnetic poles to lie in the same 

plane as the geographic. Neither condition is true. There- 
fore an internal asymmetrical condition is impossible. 

In 1932 Fisk’? noted thatthe most active centers of secular 

ehange (annual changes in magnetic declination) lie in the land 

hemisphere, and that the antipodal Pacific area has the least 


— 





Polar Equal Aran Projection LU » 100000 Square Miles 
Northern Hemispheres Land Masses 
OS Soothern Hemisphtra Land Masses . 
f E ‘North and South Magnetic Poles with Connecting Line 
Notet- The African Rift ts approximately af 33° East Longitude 


Fig. 1. Shows the distribution of land and sea with respect to major and 
minor axes, and the Pacific bisectrix. Note that the Pacific bisectrix !s 
essentially at right angles to the trace of the plane containing the magnetic 
b^ poles. | | 
13 Fisk, H. W.: 1982. The Unsymmetrical Distribution of Magnetic 
Secular Variation, Terrestrial Magnetism and Atmospheric Electricity, Vol. 
87, No. B. 
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secular change activity. He points out that this unsym- 
metrical distribution of magnetic secular variation 


is probably connected in some real, but at present unknown way 
with some phenomenon of the earth’s interior, perhaps related to 
crustal movements or subcrustal adjustments which are more active -— 
in the hemisphere Conanin: the greatest landmasses than in the . 
opposite one. T pom 
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Polar Orthographic Projection — Along Meridians #500 Miles 
HHA Continents (not drawn to scale) 

ESI Heavy Mass of the Paolfic Sector 

E) Plane Confaining NandS Magnetic Poles (NM ~ SM) 

MM Volume of Core Needed to Balance Atlantio Sector = I6 000 000 Cu Mi. Cto scale) 
EM Bulged-out Portion of Gore (gresily exaggerated) 716000 000 Cu Mi 





Fig. 2. Shows the core of the earth which is assumed to act and transmit 
pressure like a liquid. The inward directed radial-arrows indicate the 
relative rate and direction of subsidence for the Pacific. The outward 
directed arrows represent potential and actual expansion of the core. Long 
arrows indicate horizontal displacements. 
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Fisk implies that the surface magnetic variations are due to 
some subsurface phenomenon presumably ——— with the 
hemispherical asymmetry. 

It has been noted that the magnetic poles lie in the Pacific 

hemisphere. Apparently this sector is more permeable to mag- 
netic lines of force than the antipodal one. Since iror and 
nickel are highly permeable to magnetic lines of force, and since 
the earth’s interior is supposedly "high in these two elements, it 
is possible that a deep-seated zone of nickel and iron in the 
Pacific sector is channeling the magnetic lines through that 
area (stippled area in Fig. 2). If it is assumed that this 
zone lies directly above the core in the shell between 298 to 1810 
miles below the surface, then-the difference in permeability 
between it and the core may be due to a difference in the physi- 
cal state of matter. It has been theorized that the core is a 
homogeneous mass of nickel and iron that reacts like a liquid 
to seismic waves, but that the surrounding shells do not act like 
a liquid. 

Because of the demands of gravity, all heavy matter should 
be differentially attracted toward the earth’s center. There- 
fore, if the shell next to the core is heavier in the Pacific sector 
than it is elsewhere, 1t should be subsiding toward the core, and 
with it the entire Pacific Basin. 

According to Dutton, who first proposed the term “isos- 
tasy," a planetary body whether it is homogeneous or not will 
be reduced to a condition of equilibrium by the force of gravity. 
If the body is homogeneous, the resulting surface will be per- 
fectly smooth. If the body is not homogeneous then where the 
denser material is accumulated there will be a tendency for a 
depression, and where the lighter material is accumulated there 
will be a tendency to bulge. If the earth was born with a dense 
Pacific sector, then obviously the opposing half would be lighter 
and stand at a much higher elevation than the other. Thus © 
the earth would be in isostatic equilibrium, and the moment 
of momentum for the Pacific sector would exactly equal that 
of a similar cross section for the opposing land sector. But 
if the Pacific area is subsiding as postulated above, then a 
redistribution of the lighter land area is necessary to main- 
tain isostasy. 

14 Dutton, C. E.: 1889, On Some of the Greater Problems of Physical 


Geology, Bull. Phil. Soc. Wash., Vol. 11, pp. 51-64; 1925. Reprinted in 
Jour. Wash. Acad. Sc., Vol. 15, pp. 859-869. 
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If a symmetrical shed is out of balance because a weight: ` 
, has been’ fastened to a spoke, it can n be balanced by hooking. an 


en ; «appropriate lead weight to, the, rim rim opposite the heavy mass. l 


Now; as one slides the weight on the spoke toward the hub. it, 
will be necessary to split the lead weight exactly in half and — 
move it in opposite directions along: the rim'to maintaine a" 
‘balance. Finally, when the heavy mass has reached the cen-:. 
ter of the wheel, the two halves of lead will have to be exactly 
180° apart from each other. ‘The wheel will then. be in a set 


state of balance no longer requiring a shifting of masses along v3 


+, the rim. . Does this analogy apply to the earth? If the 


, Pacific sector is sinking toward the center of the earth, is the * 


. oppósing land mass splitting up and moving in opposite direc- . 
tions, or have the masses already been shifted te a set otake | 


of balance? 


+1 
From & study of Fug. 1 and the data listed — “Areas” 


one learns that the land masses are symmetrically disposed. on 


.. . either side of the “Pacific bisectrix. This is as it should be if 


we consider the/land area as analogous to the lead weight. 


. But if a split has occurred, should not the split have been 
along longitude 28° E to divide the land mass exactly in half? . . 
- According to Wegener, the split occurred just off the west 


coast of Africa, presumably along the Atlantic ridge. Thus 


the land mass to the west of Africa lacks some 20,000,000 ' 


. square miles of being equal to that of ithe east. ' (See data 


above.). Nevertheless, the earth has not been thrown out of 
balance. . Evidently. some dee -seated interior change has 
occurred to make up for the missing 20,000, 000 square miles 
to keep the earth masses isostatically-i in balance. 

_ The precise shape of the earth as yet is not exactly known, 
but according to Helmert, Bowie, Berroth,, Hirvonen, Heis- 
kanen, and others" the earth’s equator is slightly elliptical. 
Most of the computations put -one end of the major Axis 


locations of the major and minor axes as given in Figs. l and 
2. are taken from Heiskanen’s latest work? (1938). From 


* the data on the shape of the earth, we learn that it is a triaxial 


ellipsoid.. Now if the earth as a whole is a triaxial ellipsoid 


bulged out along longitude 25° W, the core must also be atri- ' 


15 Daly, R. À.: Strength and Structure of the Earth, p. 81. 


. » “Daly, R. A.: Strength and Structure of the Earth, W. Helskanen's 


work p pp. 81-82. 
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_ through or slightly to the east of the mid-Atlantic ridge. - The © ` 
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axial ellipsoid bulged out along jctoituds 25° W. Certainly a 
— core 1/6 the size of the entire earth and 1/8 of its entire mass 
cannot assume & shape altogether independent of that of the 
earth. The question that now arises is, Why is the mid-Atlantic 
«diameter longer than the one at right angles? ‘The answeris that | 
the bulge is necessary. tó make up for the lack of some 20,000,- 
000 square miles of land that should lie to the west of Africa. 
‘The moment of momentum for any half of the earth must be 
exactly equal to the moment of momentum for the other half 

if the earth is to rotate smoothly like a balanced wheel. 


“THE MECHANICS OF CONTINENTAL DISPLACEMENT. 


If the assumptions based on the analysis of the data are 
^ accepted, it is possible to postulate a single working hypothesis 
— that will serve to explain the major features of the earth., 

The basic assumption is that the Pacific basin is subsiding, | 
and that the core of the earth behaves like a liquid. 
In the example of the wheel analogy, the lead weight had 
‘to be split exactly in half and moved apart as the spoke weight 
was shifted toward the hub. The analogy served its purpose 
in conveying an idea, but it does not fit perfectly, because the 
wheel was too strong, and did not possess enough gravitation 
to overcome its own strength. ‘Hence the masses had to be 
-shifted by hand. - But the earth is large enough so that gravity 
- will overcome the strength of any feature as large as a con- ` 
tinent or ocean basin. So as the heavy Pacific basin sank, the 
land mass centered in Africa split, but not into two equal 
parts. This is because the core of the earth possesses no 
strength, and the Pacific pressure was not transmitted in one 
. direction toward lóngitude 28? E, but in all directions with 
equal intensity (Fig. 2).. Hence the break was determined by 
a direction of easy relief. This was along the present line of - 
the Atlantic ridge and not along the Pacific bisectrix. North 
and South America were displaced westward by the bulging 
core and at the same time were drawn in toward the collapsing 
Pacific Basin (Fig. 2). The height to which the core bulged 
was in proportion tó the amount of land: displaced. This, as 
' has previously been pointed out, amounted to a mass having a an 
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| area, of about. 30, 000, 000 aquare miles. Africa and Eurasia . 


« y Were displaced a-rélatively small amount to the east. Wegener `, 


and ‘others’ also claim a large eastward mnm: of 
Australia. 

To dummarize the hypothesis, it can be said that the con^ 
tinental displacements are due to a subsiding Pacific Basin 
which exerts pressure on a liquid-like core. The pressure on 
the core is relieved by a bulging-out action in a direction of 
easy relief. The combined bulging out and subsidence will dis- 
place the crust away from the direction of oy relief toward 

the collapsing floor of the Pacific. 


CHECKING THE HYPOTHESIS. 


Computations as to the volume of bulge necessary to com- ' 
. pensate for 20,000,000 square miles of land should give a value 
comparable to the difference between the length of the major 
and minor axes. This difference amounts to about & | half mile 
according to Herskanen's 1988 value. 

In terms of the gevidal surface (sea level surface), land has 


' a most frequent elevation of 1500 feet and ocean basins a most 
_ frequent depth of 15,000 feet. This is a difference of approxi- - 


. ". mately three miles. Using a value of three miles to compute 
"- the volume of rock in 20 million square miles, a value of 60,000,- ` 
000 cubic miles is obtained. But if it is assumed that the 
geoidal surface is an equilibrium surface, then, the weight of 
water that 60 million cubic miles of rock will displace must be 
subtracted from the total weight of rock. This will give the 
approximate weight of rock that the bulge in the core'must 
compensate.. Surface rocks are approximately 2.7 times . 
heaviér than water. Therefore, the weight of water that 60 
milhon cubic miles of rock will displace is equal to the weight 
of about 22 million cubic miles (60 million divided by 2.7): 
Thus, approximately 38,000,000 cubic miles of rock must be 
balanced. The moment of momentum for 38 million cubic 
mules at the earth’s surface must equal the moment of momen- 
tum for the bulged out core. Moment of momentum equals 
mass X radius X velocity. Since the angular velocities are 
equal, the velocity factor cancels out. Therefore the volume 
of the bulge equals: 38 million X 2.7 X 4,600 million X 8968 
divided by-11 X 4,600 million X 2156 or around 16 million | 
cubic miles. (4,600 million number of. tons in a cubic mile 
of TALT: 2.7 = average density of surface rocks; 3968— . 
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average equatorial radius; 11= =average density: of the: core; 

2156 = average radius. of the core). Sixteen. million ‘cubic miles | 
18 equal to a segment of core about 35 «miles high and 420 
miles in radius. Such a segment is. ‘shown approximately. to 
scale in Fig. 2. But when this volume i is spread out over one- 
sixth of the area of the core, it'amounts to a thickness of only 


.1.7 miles (the Atlantic is one-sixth of the area of the earth). 


This value is greater than the difference between the major and 
minor axis, but itis not unduly large. ‘Three factors were not 
taken into consideration in the computations, namely :—(1) 


- The fact that the Atlantic is shallower than the Pacific (the 
3 miles thickness may be too great); (2) The mass of the mid- 


Atlantic ridge and other sialic areas was not subtracted (the 
mid-Atlantic: ridge is roughly 9000 miles long and rises as 
much as 18 to 20 thousand feet above ita base). 17 (8) The 
matter above the core may be thinned out like a supratenuous 
fold so that the ellipticity of the earth is not a perfect reflec- 
tion of the ellipticity of the core. 

As the dense matter of the Pacific sinks below the isd of 
the core at 2900 km., it will probably be assimilated by the 
core. This will tend to make the core grow larger, but there 
must be a limit to the-size it can grow and still behave like &- 
liquid. Whether this limit has been reached is not known, but 
as the nickel and iron of the Pacific sector is lost to the core 
certain magnetic changes wil undoubtedly result. Can it be 
that this is in part résponsible for the secular magnetic activ- 
ity? Also, is it possible that any bulged out portion of the 
córe will lose its liquid behaviour and become more puc to 
magnetic lines of force? . 

Since Africa is directly opposite the Pacific it mist have 
been the center (equatorial plane) of the land that. counter- 
balanced the Pacific sector. If this is true, it probably repre- 


“gents that part of the earth that had the highest initial eleva- 


tion, and also the lowest initial density. Therefore África. as 
a whole should be the most positive land mass in the world, > 
and it apparently is. The total amount of young rock for 


.this area is less than that of any other continent. This is also 


the area from which the land masses broke away to counter- 
balance the sinking Pacific sector; hence it is' not surprising 
to find the largest rift in the world located here. Whether 
the African rift: ¿represents a present, ‘active, parting of. e 


1Y Nevin, C. M.: Structural Geology, p. 268. 
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ways, Or a split that haá been. abandoned, has not yd been 
determined. It is interesting to note that Africa was not dis- 
placed very far to the east with respect to the mid-Alantic 
ridge. Is this because there is another bulge in the Indian 
" Ocean that wedged Australia eastward and fixed the position 
of Africa? ` : 

The Pacific Basin is noted for its intense volcanic activity 
and for its deep-seated earthquakes. This should not be out 
of harmony with respect to a collapsing basin. The wedging 
‘apart of land in an area of bulge does not, necessarily mean 
. that the Pacific end of the land will be drawn into the Pacific 
Basin at a rate proportionate to the wedging. Because of 
elasticity, the crust of the land does not respond as an integ- 
ral unit. > In a like manner, it is doubtful that the floor of the 
Pacific responds as a unit especially in view of the deeps, swells, 
and the. lines of volcanic activity. Some areas probably sank 
more rapidly than others so that both tension and compression 
could be active. The lines of vulcanism probably represent 
tensile areas. Since the deeper zones would be drawn into the 


basin more rapidly than thé shallower ones, underthrusting may ' 
be possible and the slippage of the deep zones po the shallow : 


ones may be responsible for the deep-seated quakes.** 

According to Gutenberg,” the Pacific Basin differs from 
that of the Atlantic and Indian in that the latter two are 
‘completely floored by a layer of sial. This conclusion is based 
upon seismological data. It indicates a thickness of sial of 


about 25 to 80 miles for the land but only a thickness of ` 


about 15 miles for the Atlantic and Indian floors. This is not 
at variance with the idea set forth in this paper. “It has been 
assumed that the Pacific Basin'is different from the Atlantic 
and Indian in that it is a primary basin. Sial should floor 
secondary basins, because they were originally the land areas 
from which “the spreading," as Gutenberg puts it, originated. 


| The sial of such basins should be thin because it represents the. 


atretched-out areas. : The thinning of sial toward the Pacific is 


due to the drag of the sima as it is differentially drawn into l 


the Pacific Basin (Fig. 2). 


18 Gutenberg, B.: 1988. Structure of the Earth's Crust and the Spread- 
ing of the Continents, Bull. G. S. A., Vo]. 47, pp. 1601-1605. 

** Gutenberg, B.: Structure of the Earth's Crust and the Spreading of 
Continents, pp. 1609-1610. (“Fliesstheorie” and Conclusions.) 
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| 
l SUMMARY AND CONCLUSIONS. 


In summary, it may be useful to give a hypothetical history | 


of the early development of the earth. If the earth was torn or . 


hurled. out of the sun let us say according to the Planetesimal 
hypothesis, it was probably born with one side heavy. In 
fæct it is inconceivable to suppose otherwise, for certainly the 
sun’s density must increase with depth. If the earth's interior 
was highly fluid'in this early stage, segregation of the heavy 
matter toward the earth's center would have been rather rapid, 


‘but according to the idea presented in the hypothesis this 


could not be true. Let us assume, therefore, that the internal 
viscosities were high and that deep seated segregation was slow. 
This means that rapid settling of heavy matter was only pos- 
sible in the outer portion of the earth and that as greater 
depths were reached, the rate of settling slowed considerably. 
(Increasing viscosity &nd decreasing gravity.) Daly states 
that under such a condition the earth’s surface would be smooth 


although its interior would be asymmetrical? with respect 
to density. He believes that when the crust finally froze the' 


internal asymmetry was reflected in differences of relief. The 
hemisphere that contained the dense matter became the Pacific 
Basin, and the antipodal area the original land mass. As the 


Pacific Basin subsided, matter would have te be shifted toward : 


the Pacific to maintain a balance between the land sector and 
the basin. This was accomplished at first by erosion and depo- 
sition of sediments outward from the land toward the Pacific, 
but eventually erosion became inadequate because of the lower- 
ing of stream gradients. (Elevations decreased and streams 
lengthened.) Finally, the original land’ mass had to be broken 
up and displaced to maintain equilibrium of rotation. This 
was brought about in the manner outlined in the app others and, 


' according to Wegener, began in Mesozoic times. . 


This investigation has been based upon a study of the major 


features of the earth as viewed from a polar perspective. Much 


of the discussion centered around the Atlantic and its ridge. 
This does not preclude the existence of other minor bulges, nor 
does it imply that all bulges trend north and south. 

It is hoped that the paper will serve to stimulate further 
investigation. Work should be done in as magnetic, 
gravity and seismic surveys. 


1 Daly, R. A.: Our Mobile Earth, bottom of p. 805, “The ancient a 
. « . the globe is assumed to have become unsymmetrical after its 
solidification. 4 à 
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SIR ARTHUR SMITH WOODWARD. 


The death, on September 2, 1944, of Sir Arthur Smith Wood- 
ward at the age of eighty removes one of the great figures in the 
history of paleontology. Three generations of colleagues hate 
been inspired by his example as a scientist and Eid by his inter- 
‘est as a friend. 

Smith Woodward was born in Macclesfield on May 28, 1864. 
After attendance at Macclesfield Grammar School and Owens Col- 
lege, Manchester, he obtained a second-class assistanceship in the 
-British Museum at the age. of eighteen. He advanced to Assistant 
Keeper of the Department of Geology in 1892 and became Keeper 
in 1901 holding that position until his retirement in 1924. During 
his second-year at the British Museum he attended and absorbed 
a series of lectures on fossil fishes by the great 19th century author- 
ity on this.subject, R. H. Traquair, and was so inspired that he 
immediately began and throughout the rest of his life continued to 
devote most of his outstanding research talents to this subject. 

Between 1889 and 1901 he published the four volume “Cata- 
logue of the Fossil Fishes in the British Museum (Natural His- 
tory)." No one since has attempted so complete and thorough a 
synthesis of paleoichthyology and this classic work is a-main basis 
for the whole subsequent development of that science. It combines 
concise, accurate, workable diagnosis with a broad and masterly 
review of phylogenetic trends and evolutionary principles.“ A fellow _ 
student (W. K. Gregory) states that Smith Woodward’s general. 
concepts of the classification and history of fishes still stand, in 
their essentials, and even form a happy contrast with some of 
the most recent attempts to arrange these groups. Besides about 
200 shorter papers on this subject, Smith Woodward published 
several other large and basic memoirs on fossil fishes, notably “The 
Fossil Fishes of the English Chalk” in 1902-1912. 

As a one-man department of vertebrate paleontology during much 
of his career, Smith Woodward accompanied his specialization on 
fossil fishes. with broad interest and general competence in the study 
of other fossil vertebrates. In 1890, with C. D. Sherborn, he pub- 
lished a catalogne of all known British fossil vertebrates and in 
1898 appeared his "Outlines of Vertebrate Palaeontology for Stu- 
dents of Zoology.” This was a radical departure from other avail- 
able texts, virtually unreadable Teutonic compilations, in being 
inherently interesting, with judicious stress.of the truly significant 
and omission of the relatively insignificant, and in being based in 
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larger measure on direct, personal acquaintance with the fossils, 
themselves. He later also collaborated in English revision of the 
leading German textbook (Zittel), which is nevertheless decidedly 
less useful for teaching than was Smith Woodward’s own book. 
After his retirement he planned a revision of the “Outlines,” but, 
tq the regret of all, this remained unfinished. | 

-In 1896 and in 1907 Smith Woodward visited Argentina and 
became greatly interested in the remarkable discoveries then being 
made by Roth, the Ameghinos, and others. He also did much to 
publicize the amazing results of Argentine paleontology and no little 
to correct the occasional excesses that arose from the enthusiasm 
of the South American students. 

After the discovery of Piltdown Man by Dawson in 1911, Smith 
Woodward collaborated in further successful rescarch at the site 
and he produced a reconstruction of the skull. His. interest in 


ancient man, thus aroused, remained active and he wrote some 25 


short papers and summarizing addresses on this subject. This work 
was competent but cannot be ranked as of topmost importance 
inits field. Itis unfortunate that Smith Woodward's popular acclaim 
arose from his almost accidental association with this one sensational 
discovery, wholly outside the field which he had made truly his own 
and on which his real evaluation in scientific history will rest. 
During his keepership, Smith Woodward greatly expanded the ' 


fossil vertebrate collection in the British Museum and also succeeded 


in making it considerably more representative of the whole subject. 
than it had been under Henry Woodward and earlier keepers. Not. 
essentially a field naturalist, his only important field work was at 
Pikermi, Greece; in 1901—collecting fossil mammals, which is 
rather curious in view of the fact that he was then already the 
world authority on fossil fishes and had done little original work 
on mammals. In general, he built up the museum collections by 


purchase and donation and not by scientifically conducted museum 


expeditions, continuing the tradition of closet natural history that 


' has been the one weakness of vertebrate paleontology at the British 


Museum. Nevertheless his efforts kept the collections — the 
greatest in the world: | 
There has recently been considerable interest in the E 
of scientists at various ages, and in this respect Smith Woodward's 
career is an interesting example, although` apparently an atypical 
one. In volume, importance, and originality his total production 
ranks near the top in his science. He was decidedly precocious, pub- 
lishing his first paper at the age of 18 in spite of a minimum of 
previous technical training. When he was 28 he was already well 
into, what must probably be considered his greatest work and he was 
only 28 when his hundredth publication appeared. From about the 
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dime he: was.80 his productivity, as — original research, 
declined steadily until his last paper in 1942, at the age of 78. By 
the time he was 40, all but óne of his really major contributions 
were completed, and that one was then well along toward comple- 
tion. Even. his textbook, which is intellectually perhaps. his most 
mature production, was issued when he was only 84. The research * 
of his last 40 years was far from negligible. On the contrary dc 


." includes some very important studies (among them those on Pilt- 


down man), but it is clear that his output decreased greatly in 
"quantity and' did not tend to broaden much in scope or to become 
significantly deeper in philosophic quality after he reached an age, 

. when most paleontologists are just beginning to be well established 
` professionally. 

- Smith Woodward's influence on paleontology cannot be judged 
solely on the basis of his own researches, great and extensive as 
they were. He continued and increased the British Museum's fine ; 
reputation as a research center by placing all its collections, 
described or undescribed, unreservedly at the disposal of qualified 
students from all over the world. In’ his wide travels he made 
friends of most of the paleontologists of all countries, who were . 
given a warm welcome and entertained if they, in turn, visited, 
England. He corresponded voluminously and had an inspiring | 
enthusiasm for the work of all his colleagues. 

Inevitably his many accomplishments and appreciated personality 
brought honors far too numerous to list completely. He was four: 
times an honorary doctor, from such diversé universities as Glas- 
gow and-Athens. He was a Fellow of the Royal Society and of all 
other British societies pertinent to his profession and wag knighted 
by the King. He received many prizes and medals, including the ' 

- Lyell, Wollaston, and Royal Medals in England and the Hayden 
' . and Thompson Medals in the United States. He was a correspond- | 
ing or foreign member of some twenty non-English scientific socie- 
_ ties, including the Geological Society of America, and he held office’ ' 
in many British societies, among them the Royal Society, the Brit- 
ish Association, the Linnean, Geological, and Zoological Societies, 
and the Geologists’ Association. 
We may now repeat with still stronger and definitive. evidence. 
i what his former chief, Henry Woodward, could already say of | 
Arthur Smith Woodward 29 years ago: "Few scientific men can lay 
claim to so large a share of solid work in his own special department 
or to have done more individually to advance geology and paleon- 
tology; the sciences to which he has devoted his life." 

GEORGE GAYLORD SIMPSON. 
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